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Novel Peptide as NS3-S erine Protease 
inhibitors of Hepatitis C Virus 

Field of Invention 

The present invention relates to novel hepatitis C virus ("HCV") protease 
inhibitors, pharmaceutical compositions containing one or more such inhibitors, 
methods of preparing such inhibitors and methods of using such inhibitors to treat 
hepatitis C and related disorders. This invention specifically discloses novel 
peptide compounds as inhibitors of the HCV NS3/NS4a serine protease. 

Rar.k qround of t he invention 
Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that has 
been implicated as the major causative agent in non-A, non-B hepatitis (NANBH), 
particularly in blood-associated NANBH (BB-NANBH)(see, International Patent 
Application Publication No. WO 89/04669 and European Patent Application 
Publication No. EP 381 216). NANBH is to be distinguished from other types of 
viral-induced liver disease, such as hepatitis A virus (HAV), hepatitis B virus 
(HBV), delta hepatitis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus 
(EBV), as well as from other forms of liver disease such as alcoholism and 

primary biliar cirrhosis. 

Recently, an HCV protease necessary for polypeptide processing and viral 
replication has been identified, cloned and expressed; (see, e^ U.S. Patent No. 
5,712,145). This approximately 3000 amino acid polyprotein contains, from the 
amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope 
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, 5a and 
5b). NS3 is an approximately 68 kda protein, encoded by approximately 1893 
nucleotides of the HCV genome, and has two distinct domains: (a) a serine 
protease domain consisting of approximately 200 of the N-terminal amino acids; 
and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The 
NS3 protease is considered a member of the chymotrypsin family because of 
similarities in protein sequence, overall three-dimensional structure and 
mechanism of catalysis. Other chymotrypsin-like enzymes are elastase, factor 



Xa, thrombin, trypsin, plasmin, urokinase, tPA and PSA. The HCV NS3 serine 
protease is responsible for proteolysis of the polypeptide (polyprotein) at the 
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions and is thus 
responsible for generating four viral proteins during viral replication. This has 
made the HCV NS3 serine protease an attractive target for antiviral 
chemotherapy. 

It has been determined that the NS4a protein, an approximately 6 kda 
polypeptide, is a co-factor for the serine protease activity of NS3. Autocleavage of 
the NS3/NS4a junction by the NS3/NS4a serine protease occurs intramolecularly 
(U cis) while the other cleavage sites are processed intermolecularly (Le. trans). 

Analysis of the natural cleavage sites for HCV protease revealed the 
presence of cysteine at P1 and serine at PV and that these residues are strictly 
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions. The 
NS3/NS4a junction contains a threonine at P1 and a serine at PV. The Cys->Thr 
substitution at NS3/NS4a is postulated to account for the requirement of cis rather 
than trans processing at this junction. See, e^, Pizzi etaL (1994) Proc. NatL 
Ar. a ri Sci (USA) 91:888-892, Failla etaL (1996) Folding & Design 1:35-42. The 
NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites. 
See e^,Kollykhalovet^(1994)J^68:7525-7533. It has also been found 
that acidic residues in the region upstream of the cleavage site are requ.red for 
efficient cleavage. See, e^ Komoda etaL (1994) ^ViroL 68:7351-7357. 

Inhibitors of HCV protease that have been reported include antioxidants 
(see International Patent Application Publication No. WO 98/14181 ). certain 
peptides and peptide analogs (see, International Patent Application Publication 
No WO 98/17679, Landro etaL (1997) Biochem. 36:9340-9348, Ingallinella et_aL 
(1998) Biochem. 37:8906-8914, Llinas-Brunet etal- (1998) Bioorq Med. Chem. , 
Lett_8-1713-1718), inhibitors based on the 70-amino acid polypeptide eglin c 
(Martin et_aL (1998) Biochem. 37:1 1459-1 1468, inhibitors affinity selected from 
human pancreatic secretory trypsin inhibitor (hPSTI-C3) and minibody reperto.res 
3 (MBip) (Dimasi et_al. (1997) JJ/iroL 71:7461-7469), cV H E2 (a "camelized" 

variable domain antibody fragment) (Martin et_al.(1997) ProteinEng. 10:607-614), 
and al-antichymotrypsin (ACT) (Elzouki etaU (1997) IHe^L 27:42-28). A 
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ribozym e designed to selectively destroy hepatnis C virus RNM. recent, been 
disclosed (see. BiayyoxHToMJI): 4 (November 1* '"J* 
Reference is alsc made to the PCT Pubiications. No WO 
published Apri, 30, 1998 (Vertex Pharmaceutical Incorporated), WO 98/22496, 
published May 28. 1998 (F. Hoffmann-La Roche AG,; and WO 99/07734, 
published February 18, 1999 (Boehringer Ingelheim Canada L* V 

HCV has been imptated in cirrhosis of the liver and in ,nduct,on of 

is currency poo, HCV infection is more difflcui. to treat than « 
hepatitis due to the lack of immunity or remission associated w,th HCV ,nfect,on. 
"data indicates a less than 50% suwiva, rate a, four years post c,rrhos,s 
Zls. Patients diagnosed with located resectable hepatoce u ar carcnoma 
have a five-year survival rate of 10-30%, whereas those with localized 
unlecubie hepatoceliuiar carcinoma have a flve-year survive, rate of less than 

" 1% ' Reference is made to A. Marchetti ef a/, Synlett, Si, 1000-1002 (1999) 

dl ^*^-l^«--«- HWNB ' ,, ~ A 

compound disclosed therein has the formula: 
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Reference is also made to WO 00/09558 (Assignee: Boehringer Ingelheim 
Limited-, Published February 24, 2000) which discloses pep.«e denva,ves of me 



formula: 




H 3 C^ /A 2 




where the various elements are 
series is: 



defined therein. An illustrative compound of that 




CH 3 



Reference is a,so made to WO 00/09543 (Assignee: Boehnnger Ingelhelm 
Limited; Published Februa* 24, 2000, which discloses peptide derivatives of the 

formula: 




R 3 



Ai 



\ 




where 
series is 



the various elements are defined therein 



An illustrative compound of that 




CH 3 



CH 2 
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Current therapies for hepatitis C include interferon-* (INFJ and 

(19 97) tLingU^Si 222:347. Currently, no vaocne • avertable 

infection. 
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H,„n u S oatent applications, Serial No. 60/220,110. 
Pending and copending U. s. paiem d W 

Pending a v Rn /220 107 filed July 21, 2000, Senal No. 
«ed July 21 , 2000, Senal No. 60/220 107, ^ 

V, N q 3 serine protease inhibitors of hepatitis C virus, 
peptides as NS-3 serine proiea theraDies for HCV infection. It is, 

o, the HCV polypeptide using the compounds provided herein. 

^■—^■y of the invention 

em bodiments the present invention provides a novel class of 
, rHrrrrpJaceutica, compositions containing one or 

— « - - : - p^ af e 

senne protease actMty are preferred.The ^ about 



Formula I: 




P4 ? 2 ° 



P5 P6 * P1a P1b 

Formula I 

or a pharmaceutic* acceptable salt, solvate or derivative thereof, wherein: 

xtlZ«ete ro cy»^ 

heteroarylsulfonyl, alkylcarbonyl, heterocydylcarbonyl, 
heterocyclylalkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl, 
heterocyclyloxycarbonyl. aryloxycarbonyt, heteroaryloxycarbonyl, 
alkyaminocarbonyl, heterocydylaminocarbonyl, arylaminocarbonyl or 
heteroarylaminocarbony, moiety, wHh the proviso that X may be add-on* 
optionally substituted with PJ2 or R13; 
X' is H; Crl straight chain alkyl; C-C 4 branched alky, or ; CH 2 -ary, (subst,tu.ed 

or unsubstituted); 
R 12 is a.kyi, alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl, heterocyclyl, 

heterocyclylalkyt, aryl, alkylaryl, arylalkyl, heteroaryl, alkylheteroaryl, or 
, heteroarylalkyl moiety, with the proviso that R« may be additionally 
optionally substituted with R13. 
R 13 is hydroxy, a.koxy, a^loxy, thio, alkylthio, a^lthio, amino, alkylam.no 
arylamino, alkylsulfony,, arylsuifonyl, alkylsulfonamido, •^-* n »™* 
carboxy, carbalkoxy. carboxamido, alkoxycrbonylamino, alkoxycarbon^xy, 
, 0 alkylureido, arylureido, halogen, cyano, or nttro moiety, with the prov,s mat 
me alkyl, alkoxy. and a-yl may be additionally optional* subst.tu.ed w,th 
moieties independently selected from R«. 
P1a P1b P2 P3, P4, P5, and P6 are independently: 

H; ci -C1 0 straight or branched chain alkyl: C2-C10 straight or branched 

M ;^8 a Salkyl, C3-C8 heterocyclic; (cyclop or (heterocyclyDalky, , 
wherein said cydoalky. is made up of 3 to 8 carbon atoms, and zero to 



oxygen, nitrogen, sulfur, or phosphorus atoms, and said alkyl is of 1 to 6 
carbon atoms; 

aryl, heteroaryl, arylalkyl, or heteroarylalkyl, wherein said alkyl is of 1 to 6 
carbon atoms; 

wherein all aforesaid alkyl, alkenyl, cycloalkyl, heterocyclyl; (cycloalkyl)alkyl 
and (heterocyclyl)alkyl moieties may be optionally substituted with PJ3. 
Additionally, the atoms of P1 a and P1 b may be joined to each other in such a 
fashion to form a spirocyclic or spiroheterocyclic ring, with said spirocyclic or 
spiroheterocyclic ring containing zero to 6 oxygen, nitrogen, sulfur, or 
phosphorus atoms, and may be optionally substituted with R13. 
PV is H, alkyl, alkenyl, alkynyl, cycloalkyl. cycloalkyl-alkyl, heterocyclyl, 

heterocyclyl-alkyl, aryl, aryl-alkyl, heteroaryl, or heteroaryl-alkyl; with the 
proviso that said P1 ' may be additionally optionally substituted with PJ 3. 
Among the above-stated definitions for X, R12, R13, P1a, P1b, P2, P3, P4, P5, 
and P1', the preferred groups for the various moieties are as follows: 

Preferred moieties for X are: 

o o o v ,p a ,p 

Alkyl^^# Aryr ;f Alkyl f Aryl f 

wherein Alkyl is C1 to C4 straight or branched chain, and wherein Aryl is 
phenyl or substituted phenyl. 
Preferred moieties for P6 are: 

y R 

f- (CHJn 

with n being 1-4. 
Preferred moieties for P5 are: 

|— (CH 2 )n 

with n being 1-4; additionally, P6 and P5 may be the same or different. 
Preferred moieties for R 1 are OH, O-f-Bu, OR 3 , NHR 3 , NH-phenyl or NH-trityl. 



+ 0 



Preferred moieties for R 3 are H, C, to C 4 straight or branched chain alkyl. 

P3 and P4 may be the same or different and preferred moieties for P3 and P4 are: 



Me 




Me 






or 




5 Preferred moieties for P2 are: 




wherein n= 0, 1 , 2 or 3; 



0 



Preferred moieties for P1a and P1b are: 



^ w w ^ 



Me^Me f M« 
Me 



Me Me^ r 
Me 

— ri/VP \J\f\j I 

X ..X... »e J. » Me 



OAA; 

'Me 



*J3 

1 Wle^ " B ~ Ma" Me 



Me MX./ 



"! 5 Preferred moieties for P1' are: Me 

0 H; ; ; <^^Me J »• 

SI 

n q O 
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In another 
Formula II: 



embodiment, the present invention provides a compound of 



Formula 



.Herein X, P6, P5, P4. PS. P2. PI* Plb and P," are as def,ned abov Z is O, 
mh ™ MR 12 where R 12 has been defined before. In Formula u. P2, when 
Innerted w"hTe N atom adjacent to C atom it is attached to, forms a J* 

the cvclic ring structure. The cyclic ring moiety comprised of P2, the carbon a 
fs attached, and the nitrogen atom adiacen, to that carbon atom ,s 

noted above as: 



P2 




•N 



5 which may denote a f,ve-membered ring or a six-membered ring stmcture. 
^erred representatives for that cyclic ring structure are selected from the 



following 
( 



Y X 



0» 0 




JSTrt- may be the same or differen. and are selected from H; CrC straight 
chain alkyl; CrC branched alkyl or cydoalkyl; 

r 4 te CO-A,kyl (alkyl being C1-C6 straight chain or branched or cydoalkyl), CO 
aryl; COO-alkyl or COO-aryl; 

J and R« may be the same or different and are selected from H, CrC stra,ght 

chain alkyl; or CrC branched alkyl; 

and R 8 may be the same or differen. and are seiected from H, CrC straight 
chain alkyl; C-C branched alkyl or CH 2 OH; 

* and R« may be the same or different and are selected from H, CrC, straight 
chain alkyl; CrC branched alkyl; COOMe; COOH or CH 2 OH; 
R« is CrC straight chain alkyl; CrC branched alkyl; cyclocalkyl, or CH.aryl 
(substituted or unsubstituted); 

Z' and Z 2 may be the same or different and are selected from S; O; or CH 2 , 
Z 3 is CH 2 ; S, S0 2 ; NH or NR 4: 

Z 1 and Z 5 may be the same or different and are selected from S. O or CH, 
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in yet another embodiment, the present Invention discloses compounds of 
Formula III: 

P6 H o F 4 j 

H ° P>5 " 0 i 1 °P ia ' V lb x o 

Formula III 

where the various elements are as defined above. 
5 unless defined otherwise, all technical and science terms used herein have the 
same meaning as is commonly understood by one of skill in the art to wh,ch this 
invention belongs. Thus, for exampie. the term alky, (including the alkyl portions of 
alkoxy) refers to a monovalent group derived from a straight or branched oh-. 
saturated hydrocarbon by the removal of a single atom having from 1 to 8 carbon 

io atoms, preferably from 1 to 6; , , u „,„ mc 

aryl - represents a carbocyclic group having from 6 to 14 carbon atoms 
and having at least one benzenoid ring, with all available subs.itu.able aromafc 
carbon atoms of the carbocyclic group being intended as possible po,nts of 
attachment. Preferred *yl groups include phenyl, 1-naphthyl, 2-naphthyl and 
15 indanyl, and especially phenyl and substituted phenyl; 

aralkyl - represents a moiety containing an aryl group linked v,al a lower 

alky '' alkylaryl - represents a moiety containing a lower alkyi linked via an aryl 

20 9r0UP ' cycloalkyl - represents a saturated carbocyclic ring having from 3 to 8 
carbon atoms, preferably 5 or 6, optionally substituted. 

heterocyclic - represents, in addition to the heteroa,*! groups defined 
below saturated and unsaturated cyclic organic groups having at least one O, 
and/or N atom interrupting a carbocyclic ring s.mcture ma. consists of one nng or 
25 two fused rings, wherein each ring is 5-, 6- or 7-membered and may or may not 
have double bonds that lack delocalized pi electrons, which ring structure has 
from 2 to 8. preferably from 3 to 6 carbon atoms, e.g.. 2- or 3-piperidinyl, 2- or 
3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-thiomorpholinyl; 



* 0 
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halogen - represents fluorine, chlorine, bromine and iodine; 

heteroaryl - represents a cyclic organic group having at least one O, S 
and/or N atom interrupting a carbocyclic ring structure and having a suffice* 
number of delocalized pi electrons to provide aromatic character, w,th the 
aromatic heterocyclyl group having from 2 to 14, preferably 4 or 5 carbon atoms, 
eg 2-3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or 
4-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl, etc. 
Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; such heteroa^l groups may 

also be optionally substituted. 

Also included in the invention are tautomers, rotamers, enantiomers and 
other optical isomers of compounds of Formula I, Formula II and Formula III, as 
well as pharmaceutical acceptable salts, solvates and derivatives thereof. 

A further feature of the invention is pharmaceutical compositions conta.n.ng 
as active ingredient a compound of Formula I, Formula I. or Formula ... (or its salt, 
solvate or isomers) together with a pharmaceutical^ acceptable earner or 
excipient 

The invention also provides methods for preparing compounds of Formulas 
, „ and III, as well as methods for treating diseases such as. for example, HCV 
and related disorders. The methods for treating comprise administenng to a 
0 patient suffering from said disease or diseases a therapeutically effective amount 
of a compound of Formula I, II or III, or pharmaceutical compositions compns.ng a 

compound of Formula I, II or III. 

Also disclosed is the use of a compound of Formulas I, II or III for the 
manufacture of a medicament for treating HCV and related disorders. 

5 not^iiAri descrr*'"" "* preferred embodiments 

In one embodiment, the present invention discloses compounds of Formula 
, as inhibitors of HCV protease, especially the HCV NS3/NS4a serine protease, or 
a pharmaceutical acceptable derivative thereof, where the various def.n.t,ons are 

30 given above. 

in another embodiment, the present invention discloses compounds of 
Formula II as inhibitors of HCV protease, especially the HCV NS3/NS4a serine 
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prot ease,o r ap h a ma oeu«ca 11 vac C ep l a ble deHv a «ve .Hereof, where »e vaHous 

"rset::^ 

(ranges of Kf values in nanomolar, nM). 




HCV continuous assay Ki* range: 
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Category a = 1-100 nM; Category 



b = 101-999 nM; Category c = 1000- 



10,000. 



Someofthetypesoftheinventivecompoundsandmethodsof 
synthesizing the various types of the inventive compounds of both Fo^uia « and 
Formula il are iisted beiow, then schematically described, foilowed by the 
illustrative Examples. 




OH 



H 3 c .ch 3 
o V o 




(81) 



0 




(4) R-H 

(5) R- Bu 




(43) R=R' = *Bu 

(44) R = H, R" =t Bu 

(45) R = R" = H 




(40) R = *Bu 
(42) R = H 




(27) 
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CH 3 
H 3 C-(-CH3 

H 3 C J: Q ^CH 2 

CH 3 H 3 cVo° S° 
HaC-T^O V N CH3 

H3C o^S V^C" 3 
O V* 0 CH 3 



N 4^ 



H 3 C^O 4 H3C >< CH3 

(ID 

Depending upon their structure, the compounds of the invention may form 
pharmaceutical^ acceptable salts with organic or inorganic acids, or organic or 
5 inorganic bases. Examples of suitable acids for such salt formation are 

hydrochloric, sulfuric, phosphoric, acetic, citric, malonic, salicylic, malic, fumaric, 
succinic, ascorbic, maleic, methanesulfonic and other mineral and carboxylic 
acids well known to those skilled in the art. For formation of salts with bases, 
suitable bases are, for example, NaOH, KOH, NH 4 OH, tetraalkylammonium 

10 hydroxide, and the like. 

In another embodiment, this invention provides pharmaceutical 
compositions comprising the inventive peptides as an active ingredient. The 
pharmaceutical compositions generally additionally comprise a pharmaceutical^ 
acceptable carrier diluent, excipient or carrier (collectively referred to herein as 

is carrier materials). Because of their HCV inhibitory activity, such pharmaceutical 
compositions possess utility in treating hepatitis C and related disorders. 

In yet another embodiment, the present invention discloses methods for 
preparing pharmaceutical compositions comprising the inventive compounds as 
an active ingredient. In the pharmaceutical compositions and methods of the 

20 present invention, the active ingredients will typically be administered in admixture 




26 




with suitable carrier materials suitably selected with respect to the intended form 
of administration, i.e. oral tablets, capsules (either solid-filled, semi-solid filled or 
liquid filled), powders for constitution, oral gels, elixirs, dispersible granules, 
syrups, suspensions, and the like, and consistent with conventional 
pharmaceutical practices. For example, for oral administration in the form of 
tablets or capsules, the active drug component may be combined with any oral 
non-toxic pharmaceutic* acceptable inert carrier, such as lactose, starch, 
sucrose, cellulose, magnesium stearate, dicalcium phosphate, calcium sulfate 
tele, mannitol, ethyl alcohol (liquid forms) and the like. Moreover, when desired or 
needed, suitable binders, lubricants, disintegrating agents and coloring agents 

k. , ratad in the mixture. Powders and tablets may be comprised 

ofToTabout 5 to"about 95 percent inventive composition. Suitable binders 
include starch, gelatin, natural sugars, corn sweeteners, natural and synthase 
gums such as acacia, sodium alginate, carboxymethylcellulose, polyethylene 
glycol and waxes. Among the lubricants there may be mentioned for use in these 
dosage forms, boric acid, sodium benzoate, sodium acetate, sodium chloride, and 
the like. Disintegrants include starch, methylcellulose, guar gum and the like. 

Sweetening and flavoring agents and preservatives may also be included 
where appropriate. Some of the terms noted above, namely disintegrants, 
diluents, lubricants, binders and the like, are discussed in more detail below 

Additionally, the compositions of the present invention may be formulated 
in sustained release form to provide the rate controlled release of any one or more 
of the components or active ingredients to optimize the therapeutic effects, i.e. 
HCV inhibKory activity and the like. Suitable dosage forms for sustained release 
include layered tablets containing layers of varying disintegration rates or 
controlled release polymeric matrices impregnated with the active components 
and shaped in tablet form or capsules containing such impregnated or 
encapsulated porous polymeric matrices. 

Liquid form preparations include solutions, suspensions and emulsions. As 
o an example may be mentioned water or water-propylene glycol solutions for 
parenteral injections or addition of sweeteners and pacifiers for oral solut,ons. 



suspensions and emulsions. Liquid form preparations may also include solutions 
for intranasal administration. 

Aerosol preparations suitable for inhalation may include solutions and 
solids in powder form, which may be in combination with a pharmaceutical^ 
5 acceptable carrier such as inert compressed gas, e.g. nitrogen. 

For preparing suppositories, a low melting wax such as a mixture of fatty 
acid glycerides such as cocoa butter is first melted, and the active ingredient is 
dispersed homogeneously therein by stirring or similar mixing. The molten 
homogeneous mixture is then poured into convenient sized molds, allowed to cool 

10 and thereby solidify. 

Also included are solid form preparations which are intended to be 
converted, shortly before use, to liquid form preparations for either oral or 
parenteral administration. Such liquid forms include solutions, suspensions and 
S emulsions. 

™ is The compounds of the invention may also be deliverable transdermal^. 

The transdermal compositions may take the form of creams, lotions, aerosols 
and/or emulsions and can be included in a transdermal patch of the matrix or 
reservoir type as are conventional in the art for this purpose. 

Preferably the compound is administered orally, intravenously or 

20 subcutaneously. 

Preferably, the pharmaceutical preparation is in a unit dosage form. In such 
form, the preparation is subdivided into suitably sized unit doses containing 
appropriate quantities of the active components, e.g., an effective amount to 
achieve the desired purpose. 

The quantity of the inventive active composition in a unit dose of 
preparation may be generally varied or adjusted from about 1 .0 milligram to about 
1 ,000 milligrams, preferably from about 1 .0 to about 950 milligrams, more 
preferably from about 1 .0 to about 500 milligrams, and typically from about 1 to 
about 250 milligrams, according to the particular application. The actual dosage 
employed may be varied depending upon the patient's age, sex, weight and 
severity of the condition being treated. Such techniques are well known to those 
skilled in the art. 
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Generally, the human oral dosage form containing the active ingredients 
can be administered 1 or 2 times per day. The amount and frequency of the 
administration will be regulated according to the judgment of the attending 
clinician. A generally recommended daily dosage regimen for oral administration 
may range from about 1 .0 milligram to about 1 ,000 milligrams per day, in single or 

divided doses. 

Some useful terms are described below: 

Capsule - refers to a special container or enclosure made of methyl 
cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or 
containing compositions comprising the active ingredients. Hard shell capsules 
are typically made of blends of relatively high gel strength bone and pork skin 
gelatins. The capsule itself may contain small amounts of dyes, opaquing agents, 
plasticizers and preservatives. 

Tablet- refers to a compressed or molded solid dosage form containing the 
active ingredients with suitable diluents. The tablet can be prepared by 
compression of mixtures or granulations obtained by wet granulation, dry 
granulation or by compaction. 

Oral gel- refers to the active ingredients dispersed or solubilized in a 

hydrophillic semi-solid matrix. 

Powder for constitution refers to powder blends containing the active 
ingredients and suitable diluents which can be suspended in water or juices. 

Diluent - refers to substances that usually make up the major portion of the 
composition or dosage form. Suitable diluents include sugars such as lactose, 
sucrose, mannitol and sorbitol; starches derived from wheat, corn, rice and potato; 
and celluloses such as microcrystalline cellulose. The amount of diluent in the 
composition can range from about 1 0 to about 90% by weight of the total 
composition, preferably from about 25 to about 75%, more preferably from about 
30 to about 60% by weight, even more preferably from about 12 to about 60%. 

Disintegrant - refers to materials added to the composition to help it break 
apart (disintegrate) and release the medicaments. Suitable disintegrants include 
starches; "cold water soluble" modified starches such as sodium carboxymethyl 
starch; natural and synthetic gums such as locust bean, karaya, guar, tragacanth 
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and agar; cellulose derivatives such as methylcellulose and sodium 
carboxymethylcellulose; microcrystalline celluloses and cross-linked 
microcrystalline celluloses such as sodium croscarmellose; alginates such as 
alginic acid and sodium alginate; clays such as bentonites; and effervescent 
5 mixtures. The amount of disintegrant in the composition can range from about 2 to 
about 15% by weight of the composition, more preferably from about 4 to about 
10% by weight. 

Binder - refers to substances that bind or "glue" powders together and 
make them cohesive by forming granules, thus serving as the "adhesive" in the 
io formulation. Binders add cohesive strength already available in the diluent or 
□ bu!king agen t. Suitable binders include sugars such as sucrose; starches derived 
1 from wheat, corn rice and potato; natural gums such as acacia, gelatin and 
S tragacanth; derivatives of seaweed such as alginic acid, sodium alginate and 
1 ammonium calcium alginate; cellulosic materials such as methylcellulose and 
W 15 sodium carboxymethylcellulose and hydroxypropylmethylcellulose; 

polyvinylpyrrolidone; and inorganics such as magnesium aluminum silicate. The 
amount of binder in the composition can range from about 2 to about 20% by 
weight of the composition, more preferably from about 3 to about 1 0% by weight, 
even more preferably from about 3 to about 6% by weight. 

Lubricant - refers to a substance added to the dosage form to enable the 
tablet granules, etc. after it has been compressed, to release from the mold or die 
by reducing friction or wear. Suitable lubricants include metallic stearates such as 
magnesium stearate, calcium stearate or potassium stearate; stearic acid; h.gh 
melting point waxes; and water soluble lubricants such as sodium chlor.de, 
5 sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and d'l- 
leucine. Lubricants are usually added at the very last step before compress.on, 
since they must be present on the surfaces of the granules and in between them 
and the parts of the tablet press. The amount of lubricant in the composition can 
range from about 0.2 to about 5% by weight of the composition, preferably from 
o about 0 5 to about 2%, more preferably from about 0.3 to about 1 .5% by weight. 

Glident - material that prevents caking and improve the flow characteristics 
of granulations, so that flow is smooth and uniform. Suitable glidents include 
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silicon dioxide and talc. The amount of glident in the composition can range from 
about 0.1 % to about 5% by weight of the total composition, preferably from about 

0.5 to about 2% by weight. 

Coloring agents - excipients that provide coloration to the composite or 
the dosage form. Such excipients can include food grade dyes and food grade 
dyes adsorbed onto a suitable adsorbent such as clay or aluminum oxide. The 
amount of the coloring agent can vary from about 0.1 to about 5% by weight of the 
composition, preferably from about 0.1 to about 1%. 

Bioavailability - refers to the rate and extent to which the active drug 
ingredient or therapeutic moiety is absorbed into the systemic circulation from an 
^^ietoroH Hosaae form as compared to a standard or control. 

Conventional methods for preparing tablets are known. Such methods 
include dry methods such as direct compression and compression of granulation 
produced by compaction, or wet methods or other special procedures. 
Conventional methods for making other forms for administration such as, for 
example, capsules, suppositories and the like are also well known. 

Another embodiment of the invention discloses the use of the 
pharmaceutical compositions disclosed above for treatment of diseases such as, 
for example, hepatitis C and the like. The method comprises administering a 
therapeutically effective amount of the inventive pharmaceutical compos.t.on to a 
patient having such a disease or diseases and in need of such a treatment. 

In yet another embodiment, the compounds of the invention may be used 
for the treatment of HCV in humans in monotherapy mode or in a combination 
therapy mode such as, for example, in combination with antiviral agents such as, 
for example, ribavirin and/or interferon such as, for example, cc-interferon and the 
like. 

As stated earlier, the invention includes tautomers, rotamers, enantiomers 
and other stereoisomers of the compounds also. Thus, as one skilled in the art 
appreciates, some of the inventive compounds may exist in suitable isomeric 
, forms Such variations are contemplated to be within the scope of the mvention. 
Another embodiment of the invention discloses a method of making the 
compounds disclosed herein. The compounds may be prepared by several 



techniques known in the art. Representative illustrative procedures are outlined in 
the following reaction schemes. It is to be understood that while the following 
illustrative schemes describe the preparation of a few representative inventive 
compounds, suitable substitution of any of both the natural and unnatural amino 
5 acids will result in the formation of the desired compounds based on such 
substitution. Such variations are contemplated to be within the scope of the 
invention. 

Abbreviations which are used in the descriptions of the schemes, 
preparations and the examples that follow are: 
10 THF: Tetrahydrofuran 

DMF: M/V-Dimethylformamide 
EtOAc: Ethyl acetate 
AcOH: Acetic acid 
Ij HOOBt: 3-Hydroxy-1 ,2,3-benzotriazin-4(3H)-one 

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
NMM: N-Methylmorpholine 
ADDP: 1 ,1'-(Azodicarbobyl)dipiperidine 
DEAD: Diethylazodicarboxylate 
DCC: Dicyclohexylcarbodiimide 

20 HOBt: Hydroxybezotriazole 

HATU^^-Azabenzotriazol-l-yO-N.N.N'.N'-tetramethyluronium 

hexafluorophosphate 

TEMPO: 2,2,6,6-tetramethyM-piperidinyloxy free radical 
TBTU: 2-(1 H-Benzotriazole-1 -yl)-1 ,1 ,3,3,-tetramethyluronium tetrafluoroborate 
25 PAM: 4-Hydroxymethylphenylacetamidomethyl 
DTT: Dithiothreitol 

Hiinigs base (DIPEA or DIEA): Diisopropylethyl amine 
DCM: Dichloromethane 
MeOH: Methanol 
30 EtOH: Ethanol 

Et20: Diethyl ether 

PyBrOP: Bromo-fns-pyrrolidinophosphonium hexafluorophosphate 
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Trt: Trityl 

PMB: Para-methoxybenzyl 
Bzl = Bn: Benzyl 
Boc: tert-Butyloxycarbonyl 
Cbz: Benzyloxycarbonyl 
Cp: Cylcopentyldienyl 
Ts: p-toluenesulfonyl 
Me: Methyl 

General Preparative Schemes: 

The following schemes describe the methods of synthesis of intermediate 

building blocks: 

SCHEME 1 

Ac-GMOBu^-OH + H-GlufOBuVOMe 

Ac-Glu(OBu t )-Glu(OBu t )-Val-OMe 
1.3 
| LiOH 

Ac-GlutOBu^-GluCOBuVVal-OH 
1.4 



. HOOntfr . Ac-GluCOBuVGiutOBuVOMe 
EDCI 

NMM | 

| LiOH 

^H-Val-OMQ Ac-GluCOBuVGI^OBu^OH 
HOOBt 

EDCI 1.2 
NMM 



H-Val-OR7l» , Ac-GlulOBuVGIutOBu^-Val-Val-OBzl 
HOOBt i 
EDCI | 
NMM I H 2 , Pd/C, EtOH 



t 

Ac-GlufOBu^-GlutOBu^-Val-Val-OH 
1.6 



SCHEME 2 



L NaOCI^ JL dlthlol ^ c S 

<J TEMPO BF 3 Et 2 0 

Cbz^^COOMe Cbz" N "^COOMe ^^N-^cOOMe 



2.1 2.2 2.3 



1 . TMSI (3 eq), 30 min 

2. Boc 2 0 (4eq) / 
(i-Pr)2NEt(3.1eq)/ 

v THF,20min 

LiOH 



S< S - HCI S^S !d™ ^ S^S 

G[ <1 dioxane-H 2 0 

HCI .^^COOMe Bo( ^N-^cx)OMe boc^^ 000 " 

26 2.4 2.5 



Boc-Chg-Oh 
PyBrOP 



O S^S HCI o 3 ^! LiOH » o^<! 
ii _ .... II <1 dioxane-H,0 r^kl JLAJL 
HCI^Ny^N-k^Q^ BOOTN V^^cOOMe " "T ~^COOH 
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SCHEME 3 




COOH 



SCHEME 4 

(Scheme 4 Follows on next page) 



Pre paration of intermediates: 

The procedures to modify an amino acid with N-Boc, N-Cbz, COOBzl, 
COOBut Obzl Obut, COOMe, both putting them on or taking them off in the 
presence of each other in various combinations, are generally well known to those 
5 skilled in the art. Any modifications from the known procedures are noted here.n. 
rnmmftrrJallv av^ *™* intermediates: 

The following amino acids, used as P2 units in the preparation of the 
various inventive compounds, are commercially available, and were converted to 
their N-Boc derivatives with di-fert-butyldicarbonate, using known procedures. 

O Aldrich Chemical Co. ^ 

S \ ^ i-COOH 

q Tyger Scientific Inc., f ] X ^ N 

j; Monmouth Junction, New Jersey S^t^ / Boc 



m N COOH 

ru 




The following N-Boc-amino acids, used as P2 units, are commercially available. 



Bachem Biosciences, Inc. C^X CQOH 0\x>OH V^cooh 




Boc Boc 



Boc 



Neosystems, 
Princeton, New Jersey 





The following N-Boc-amino acid, used as P2 unit, is commercially available. After 
coupling the carboxylic acid, the Fmoc is removed by known treatment with 
15 piperidine before subsequent coupling. 



Boc 



RSP Amino Acid Analogues, Inc. I 1^ 

Worchester, Massachusetts n^^COOH 

Fmoc 

Certain intermediates which were not commercially available were synthesized, as 
needed, by following the procedures given below: 



3 7 0 



1. 

HO Ms °V N3 V- v 

V Ph 3 P «L_ Z Cbz 

Cbz Et 3 N CDZ 

I H 2 , Pd/C, EtOH 



(Boc) 2 



r 

BocHNr, BocHN,, 

A~^COOMe LiQH » ^~yCOOH 
rsf dioxane-H 2 0 ^ 

Cbz Cbz 



Q 



f-\. I Vl\^0 Jf ICIW. 

5 A mixture of triphenylphosphine (8.7 g), toluene (200 mL), and 
methanesulfonic acid (2.07 mL) was stirred at 15°C while slowly adding 
diethylazidodicarboxylate (7.18 g) to maintain the temperature below 35°C. The 
mixture was cooled to 20°C, and the N-Boc amino acid (7.4 g, Bachem 
Biosciences, Inc.), and Et 3 N (1.45 mL) were added, and then the mixture was 

lo stirred at 70°C for 5 hr. The mixture was cooled to 5°C, the organic supernate 
decanted, and solvent was removed from it in vacuo. The residue was stirred with 
Et20 (200 mL) until a precipitate deposits, the mixture was filtered, and the 
ethereal solution was chromatographed on silica gel (5:95 to 20:80 EtOAc-Et 2 0) 
to obtain the product (9.3 g), which was carried into the next step. 

15 B. Azide 

Sodium azide (1 .98 g) was added to a solution of the product of the step 
above (9.3 g) in DMF (100 mL), and the mixture stirred at 70 °C for 8 hr. The 
mixture was cooled, and poured into 5% aqueous NaHC0 3 , and extracted with 
EtOAc. The organic layer was washed with brine, then dried over anhydrous 
20 MgS0 4 . The mixture was filtered, and the filtrate evaporated in vacuo, to obtain 
the product (6.2 g), which was carried into the next step. 
C. N-Cbz(4-N-Boc)-PrO-OMe 

A solution of the product of the step above (0.6 g) in dioxane (40 mL) was 
treated with di-ferf-butyldicarbonate (0.8 g), 10% Pd-C (0.03g). and hydrogen at 
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one atmosphere for 18 hr. The mixture was filtered, the filtrate evaporated in 
vacuo, and the residue chromatographed on silica gel (1:1 to 2:1 Et 2 0-hexane) to 
obtain the product. 

D. N-Cbz(4-N-Boc)-PrO-OH was prepared using known ester hydrolysis using 
LiOH. 

2. Sulfones by Oxidation: 



Me 



OXONE< R > 
HIJJ COOBzl MeOH-H 2 0 
Boc 



Me 



0 2 



fsj COOBzl 
Boc 



Ho- Pd/C, 
EtOH 
4 atm. 



Me- 



o 2 



rsj^cooH 

Boc 



Q 



Me— 



Me 



o 2 



Me— ^COOBzl 
Boc 



Me-S^ 

Boc-Chg—lvl COOBzl 
Me 



Me-y COOH 
Boc 



Me 



o 2 



<?• 

Boc 



Boc-Chg— COOH 
Me 

o 2 



COOBzl 



Boc 



COOH 



These were prepared by following the procedure of U. Larsson, et ai, Acta 
io Chem. Scan., (1994), 48(6), 517-525. A solution of oxone™ (20.2 g, from Aldrich 
Chemical Co.) in water (1 1 0 mL) was added slowly to a CTC solution of the sulfide 
(7.2 g, from Bachem Biosciences, Inc.) in MeOH (100 mL). The cold bath was 
removed and the mixture stirred for 4 hr. The mixture was concentrated to 1/2 
volume on a rotary evaporator, cold water (100 mL) added, extracted with EtOAc, 
is the extract washed with brine, and then it was dried over anhydrous MgS0 4 . The 
mixture was filtered, and the filtrate evaporated in vacuo, to obtain the product as 
a white solid (7.7 g). A portion was crystallized from (/-Pr) 2 0 to obtain an 
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analytical sample, [a] D +8.6 (c 0.8, CHCI3). Using the same procedure, the other 
sulfides shown were oxidized to sulfones to lead to the subject targets. 
D^p^tiv* Ex^ r'-- Proration ofAc-GhKOBuVGlMfORnWal-Val-OH 

(i R ) (Scheme 1): 

Step A r.nmpnund M.1Y 

To a mixture of Ac-Glu(OBzl)-OH (2.0 g), H-Glu(OBzl)-OMe HCI (2.0 g), 
HOOBt (1 .35 g), N-methylmorpholine (0.87 mL), and dimethylformamide (70 mL) 
at -20"C was added EDCI (2.50 g) and stirred for 48 hr. The reaction mixture was 
poured into 5% aqueous KH2PO4 (500 mL) and extracted with ethyl acetate (2 x 
1 50 mL). The combined organic layer was washed with cold 5% aqueous 

. .. . . .■ u-: ririoH n\/or anhvrirous 

K2CO3, then 5% aqueous KM2^U4, men uihb, * 

MgS0 4 . The mixture was filtered and evaporated under vacuum. The residue 

was triturated with hexane (200 mL), and filtered to leave the title compound (3.4 
g, 96% yield), TLC (EtOAc) Rf = 0.7. 
15 Step B Compound f 1 .2) 

A solution of Compound (1.1) from Step A (3.4 g), MeOH (125 mL), and 1 M 
aqueous LiOH (7.25 mL) was stirred at room temperature for 18 hr. The mixture 
was concentrated, treated with cold 0.5 N HCI (250 mL), and extracted with ethyl 
acetate (2 x 150 mL). The combined organic layer was washed with cold water, 
20 then brine. The mixture was evaporated under vacuum, triturated with Et 2 0- 
hexane, and filtered to leave the title compound (2.8 g, 85% yield). 
Step C Hnmpound (1 .3) 

In essentially the same manner as in Step A, but substituting proportional 
amounts of compound (1 .2) the product of Step B for Ac-Glu(OBzl)-OH, and H- 
25 Val-OMeHCI for H-Glu(OBzl)-Ome, the title compound was prepared (80% yield). 
Step D Compound (1.4) 

In essentially the same manner as in Step B, but substituting a proportional 
amount of compound (1 .3) the product of Step C for compound (1.1) the product 
of Step A, the title compound was prepared (41% yield); C25H43N3O9 (529.64), 
30 mass spec. (FAB) M+1 = 530.3; [a] D -24.6 (c=0.7, MeOH). 
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Step E r.nmpntind (1.5) 

in essentially the same manner as in Step A, but substituting proportional 
amounts of compound (1 .4), the product of Step D for Ac-G.u(OBzl)-OH, and H- 
Val-OBzl HCI for H-Glu(OBzl)-Ome, the title compound was prepared (86% y.eld), 
C37H58N4O10 (718.90) mass spec. (FAB) M+1 = 719.3. 
Step F r.nmpnund (1 .6) 

A mixture of compound (1 .5) the product of Step E (2.6 g), 10% Pd/C (0.2 
g), and EtOH-dioxane (1:1. 240 mL) was stirred under 1 atm. H 2 for 18 hr. The 
mixture was filtered and evaporated to dryness under vacuum to afford the title 
compound (2.1 g, 93% yield), C30H52N4O10 (628.77) mass spec. (FAB) M+1 = 



— 10 

O 

& 629.5. 

p Preparati ve Example 2: 

£ Step A r.nmpnund (2.2) 

fU £>H 



Cbz' COOMe UDZ 



R 15 



2.1 



2.2 



20 



25 



In a pot were combined N-Cbz-hydroxyproline methyl ester (available from 
Bachem Biosciences, Incorporated, King of Prussia, Pennsylvania), compound 
(2 1) (3 0 g), toluene (30 mL), and ethyl acetate (30 mL). The mixture was st.rred 
vigorously, and then a solution of NaBr/water (1 .28 g 15 mL) was added. To th.s 
was added 2,2,6,6-tetramethyM-piperidinyloxy free radical (TEMPO, 17 mg, from 
Aldrich Chemicals, Milwaukee, Wisconsin). The stirred mixture was cooled to 5°C 
and then was added a prepared solution of oxidant [commercially available 
bleach Clorox® (18 mL), NaHCOs (2.75 g) and water to make up 40 mL] 
dropwise over 0.5 hr. To this was added 2-propanol (0.2 mL). The organic layer 
was separated, and the aqueous layer extracted with ethyl acetate. The organ.c 
extracts were combined, washed with 2% sodium thiosulfate, then saturated bnne. 
The organic solution was dried over anhydrous MgS0 4 , filtered, and evaporated 
the filtrate under vacuum to leave a pale yellow gum suitable for subsequent 



reactions (2.9 g, 97% yield), C14H15NO5 (277.28), mass spec. (FAB) M+1 = 



278.1. 

Step B nnmpnund (2.3V 



U5 



o 

£ is. 5 



20 



r^i 

s^s 



& — - A 

Cbz COOMe Cbz COOMe 

2.2 2.3 

Compound (2.2) from Step A above (7.8 g) was dissolved in 

. . . 1 _ j a cor* mivti irft was first added 

dichloromethane (10U mi_), ana uuuieu u, .0 ~. . -- - 

1 3-propanedithiol (3.1 ml_), followed by freshly distilled boron trifluoride etherate 
5 10 (3 7 mL) The mixture was stirred at room temperature for 1 8 h. While stirring 

vigorously, a solution of K 2 C0 3 /water (2 g / 30 mL)was carefully added, followed 
by saturated NaHC0 3 (10 mL). The organic layer was separated from the 
aqueous layer (pH -7.4), washed with water (10 mL), then brine. The organic 
solution was dried over anhydrous MgS0 4 , filtered, and evaporated under 
15 vacuum The residue was chromatographed on silica gel, eluting with toluene, 
then a with a gradient of hexane-Et 2 0 (2:3 to 0:1) to afford a brown oil (7.0 g, 68% 
yield), C17H21NO4S2 (367.48), mass spec. (FAB) M+1 =368.1. 

Step C nnmpound (2.4) 



Cbz" 

2.3 



Bo<r ., COOMe 
2.4 



25 



A solution of compound (2.3) from Step B above (45 g) in acetonitrile (800 
mL) at 20°C was treated with freshly distilled iodotrimethylsilane (53 mL) at once. 
The reaction was stirred for 30 min., then poured into a freshly prepared solution 
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15 



of di-t-butyldicarbonate (107 g), ethyl ether (150 mL), and diisopropylethylam.ne 
(66 5 mL) The mixture stirred for 30 min. more then was washed with hexane (2 
x 500 mL) Ethyl acetate (1000 mL) was added to the lower acetonitrile layer, and 
then the layer was washed with 10% aqueous KH 2 P0 4 (2 x 700 mL), and bnne. 
The filtrate was evaporated under vacuum in a 25°C water bath, taken up in fresh 
ethyl acetate (1000 mL). and washed successively with 0.1 N HCI, 0.1 N NaOH, 
10% aqueous KH 2 P0 4 , and brine. The organic solution was dried over 
anhydrous MgS0 4 , filtered, and evaporated under vacuum. The residue (66 g) 
was chromatographed on silica gel (2 kg), eluting with hexane (2 L), then 
Et 2 0/hexane (55:45, 2 L), then Et 2 0 (2 L) to afford an orange gum which slowly 

. . ,x ~ . — Mr\^co ivw 4.RY mass spec. 

crystallized on standing (28 g, by"/o yieia;, ^r-zo— v » 

(FAB) M+1 =334.1. 

Step D rnmpnund (2.5) 

8 — - ft 

^^V-coom. Bo<r-^ COOH 
2.4 25 

A solution of compound (2.4) from Step C above (1 1 g) in dioxane (1 50 mL) 
at 20°C was treated with 1 N aqueous LiOH (47 mL) and stirred for 30 h. The 
mixture was concentrated under vacuum in a SOX water bath to half volume. The 

,„ remainder was diluted with water (300 mL), extracted with Et 2 0 (2 x 200 mL). 
The aqueous layer was acidified to P H -4 with 12 N HCI (3-4 mL), extracted with 
ethyl acetate, and washed with brine. The organic solution was dried over 
anhydrous MgS0 4 . filtered, and evaporated under vacuum to leave the trtle 
compound (8.1 g, 78%), C1 3 H 2 1N0 4 S 2 (319.44), mass spec. (FAB) M+1 - 

25 320.1. 
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Step E rv»mprmnd 12.6 



n 10 



% — ■ £ 



Bocf' 

2.4 



2.6 



To a solution of compound (2.4) from Step C above (1 g) in dioxane (5 mL), 
was added 4 N HCI-dioxane solution (50 mL). The mixture was stirred vigorously 
for 1 hr. The mixture was evaporated under vacuum in a 25°C water bath. The 

. . ...... „>~a ..,!», ct„n and filtered to leave the title compound (0.76 g, 

resiaue was uuuiarou , ...^ 

93% yield), C9H15NO2S2 HCI (269.81), mass spec. (FAB) M+1 = 234.0. 
Step F r.nmpnund (2.7V 



1N -r^ — 



HC- H^ COOMe (J 



2.6 2 ' 7 



A mixture of compound (2.6) from Step E above (1.12 g), N-Boc- 
5 cyclohexylglycine (1 .0 g, from Sigma Chemicals, St. Louis, Missouri), 

dimethylformamide (20 mL), and PyBrOP coupling reagent (2.1 g) was cooled to 
5°C To this was added diisopropylethylamine (DIEA or DIPEA, 2.8 mL). The 
mixture was stirred cold for 1 min., then stirred at room temperature for 6 hr. The 
reaction mixture was poured into cold 5% aqueous H 3 P0 4 (150 mL) and extracted 
>o with ethyl acetate (2 x 150 mL). The combined organic layer was washed w.th 
cold 5% aqueous K 2 C0 3 , then 5% aqueous KH 2 P0 4 , then brine. The organ.c 
solution was dried over anhydrous MgS0 4 , filtered, and evaporated under 
vacuum. The residue was chromatographed on silica gel, eluting with EtOAc- 
CH 2 CI 2 to afford a white solid (0.8 g, 50% yield), C22H36N2O5S2 (472.66), mass 
25 spec. (FAB) M+1 =473.2. 
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Step G compound (2.8V 



D 
CP 
FU 



fi 10 




2.8 



6 



5 Following essentially the same procedure of Step D above, but substituting 

compound (2.7) (0.8 g) as starting material, compound (2.8) (0.7 g) was obtained 
C21H34N2O5S2 (458.64), mass spec. (FAB) M+1 =459.2. 
Step H nnmpound (2.9). 

0 , 9 




cor 



Following essentially the same procedure of Step E above, but substituting 
>mpound (2.8) as starting material, compound (2.9) was obtained. 
C17H28N2O3S2 HCI (409.01), mass spec. (FAB) M+1 = 373.2. 
15 Preparative Example 3: 

Step A P.nmpnund (3.1) 



N — C 



Cbz COOMe 
2.2 




COOMe 
3.1 



Following essentially the same procedure of Preparative Example 2, Step 
B, substituting ethane dithiol for propane dithiol, compound (3.1) was obta.ned. 
Step B r.nmpminrt (3.2V 



m io 




COOMe 

3.1 




Following essentially the same procedure of Preparative Example 2, Step C, 
a -n w mmnnund (2.3). the product compound (3.2) was 

^Jfiljjuuiivj 1 ; ,w " vv " m r 



substituting uui 
obtained. 

Step C r.nmpnund (3.3) 





Following essentially the same procedure of Preparative Example 2, Step 
D, substituting compound (3.2) for compound (2.4) the product compound (3.3) 

was obtained. 
15 Step D rvimpnund (3.4) 




/ N ' W HCIH "COOMe 



Bo( / COOMe 
3.2 




3.4 
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Following essentially the same procedure of Preparative Example 2, Step 
E, substituting compound (3.2) for compound (2.4) the product compound (3.4) 
was obtained. 

Step E Com pound (3.5) 



5 




BocHN ki. 

N — V V / 

/ r — <( COOMe 



HC I H COOMe 
3.4 




3.5 



Following essentially the same procedure of Preparative Example 2, Step 
F, substituting compound (3.4) for compound (2.6) the product compound (3.5) 
was obtained. 

10 

Step F Compound (3.6) 



BocHN N — f \ y 

V-/ V COOMe j/ i 




► BocHN N . 

\lOOH 




3.6 



Following essentially the same procedure of Preparative Example 2, Step 
15 G, substituting compound (3.5) for compound (2.7) the product compound (3.6) 
was obtained. 



20 



00} 



gtep_G ^^mpm.nd (3.71 



5 



10 



HCI. H 2 N N — I 

' XOOMe 



BocHN N — L ) / \ 

H, substituting compound (3.5) for compou v 
was obtained. 
proparatiVP Pvample 4: 
StenA ^pnpnnnd (4.1) 



OH H 



CH 3 
4.01 



4.1 



15 



20 



ac co,din 8 to S. U Hafceson - "^ZZ™^ J,. 1 « 

DMF (15 mt) and CH2C2 (1 5 mL) a. -20 C was add 

mm „,) N-methy. morpholine (4.0 mL, 36.0 -) and EDCI (2.79 g, 

dryn ess. then d.luted w,,h ™50 ™ ) ^ ^ ^ ^ 

twice with saturated NaHC03,H20, 5 "3 4 „ t . 
f „ t e r edandcohoen tf a,ed,od ry nessto 9 ,ethe Prod uot(4,). LRM s m ,MH- 



345.2. 
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SteoB ComBQundH^) 

bo^hJ^IUoo^ . hc,h 2 m^^coo^ 

' 4.2 

Following essential* the same procedure of Preparative Example 2 Step E, 
Following ^ starting matenalj 

but substituting compound (4.1 ) from btep m 

compound (4.2) was obtained CnH20N2O4-HC. (280.75). 

Step_C CoaipoungLaS) 

m 

jl ° + boch^ 000 " Boc/ 6 ^ ° 

4, 

Following essentia,, the same procedure of 1 ' ^ ^' 

^ m 9^ from SteD B above, with compound (3.3) from 
reacting compound (4.2) from Step eauo C 9«Fh7N30 7 S2 
. o ctenr mmDound (4.3) was obtained. U28n37™^' ^ 
Preparative example 3, Step C compouna v ; 

5 (531.69). 

Step_D Compound (4.4). 



N^COO-allyl x 1 ''^ 

HCIH 2 t 

4.4 





4.3 



20 



Following essentially the same procedure of Preparative Example 2, Step E, 
but substituting compound (4.3) from Step C above, as starting material, 
compound (4.4) was obtained. C18H30N4O5S2HCI (483.05). 
Step E Compound (4.5) 




Following essentially the same procedure of Preparative Example 1 , Step A, 
reacting compound (4.4) from Step D above, with N-Boc-cyclohexylglycine, 
compound (4.5) was obtained. C31H50N4O8S2 (670.88). 
Step F Compound (4.6). 




Following essentially the same procedure of Preparative Example 2, Step E, 
but substituting compound (4.5) from Step E above, as starting material, 
compound (4.6) was obtained. C26H42N4O6S2HCI (607.23). 
Step G Compound (4.7). 




Following essentially the same procedure of Preparative Example 1 , Step A, 
reacting compound (4.6) from Step F above, with compound (1.4) from 
Preparative example 1, Step D, compound (4.7) was obtained. C51H83N7O14S2 
(1082.38). 

Step H Compound (4.8). 




A mixture of compound (4.7) from Step G above (0.47 g), dichloromethane 
(20 ml_), methyl sulfoxide (0.9 ml_), and 2,2-dichloroacetic acid (0.142 ml_) was 
stirred at 5°C. To this was added a solution of 1 M dicyclohexylcarbodiimide in 
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CH2CI2 (9-6 ml_), and the resulting mixture was stirred cold for 5 min., at room 
temperature for 3 h. A solution of oxalic acid (0.35 g) in methanol (3 ml_) was 
added to destroy excess oxidant, stirred for 15 min., and then filtered to remove 
the precipitated urea. The filtrate was diluted with excess ethyl acetate, and 
washed with cold 0.1 N NaOH, then cold 0.2 N H3PO4, then brine. The organic 
solution was dried over anhydrous MgS04, filtered, and evaporated under 
vacuum. The residue was chromatographed on silica gel, eluting with a gradient 
of MeOH-CH2Cl2 (1 :99 to 5:95) to obtain the title compound (4.8) (0.25 g, 53% 
yield) C51H8IN7O14S2 (1080.36), mass spec. (FAB) M+1 = 1080.6. 
Step I fVimpound (4.9V 



Q 

on 



Bilbao 



P H 

N^COO-allyl 




Bu'O^O 



N^COOH 



4.9 
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Following essentially the same procedure of Preparative Example 2, Step D, 
but substituting compound (4.8) from Step H above, as the starting material, 
compound (4.9) was obtained C48H73N7O14S2 (1036.26), mass spec. (FAB) 
M+1 =1036.6. 

Step J Compound (86V 



OyOBu 1 




N^COOH 
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Compound (4.9) from Step I above (0.10 g) was treated with a solution of 
anhydrous trifluoroacetic acid-dichloromethane (1:1.10 mL) for 2 h. The solution 
was diluted with xylene (50 mL) and evaporated under vacuum. The residue was 
triturated with Et 2 0, and filtered to leave the title compound (86) (0.04 g), 
C40H6IN7O14S2 (928.08), mass spec. (FAB) M+1 =928.4. 
Examples 

Using the procedures of Preparative Example 1 , Step A, and Preparative 
Example 2, Step F, for couplings; Preparative Example 1 , Step B, Preparative 
Example 1, Step F. Preparative Example 2, Step D. and Preparative Example 4, 
Step J for ester deprotection; Preparative Example 2, Step E, and Preparative 
Example 4, Step J, for amine deprotection; and Preparative Example 4, Step H, 
for oxidation of hydroxyamides to ketoamides - together with the a-amino acids of 
the above examples or those commercially available or those described in the 
literature, in the necessary various combinations, the following compounds in 
Table 2 were prepared: 



Table 2 



Compound 
from 
Example 
No. 


STRUCTURE ' 


Molecular 
Weight 


1 


■ ' — ~~ " £ 

CH 3 
H3C — I — CH3 

0 ? o H3C y CH3 0 

' 3 ~ II = II £ "\J 

°< 

N 

>- 

^CH 2 


150.149 


2 


O^OH 

0 r s Hs V 0H3 ° 

N 


837.932 




^CH 2 





54 




6 

1 


8 

O^OH 

° 1 

N 

)=° 

N 


36.948 


7 


H3C 
H3C-V-- CH » 

N 

CH2 


949.164 



56 



8 


\ H 3 C CH 

H0 ^0 o^N 

N 

S 


^81.911 


9 


| — CH3 

N 

S 


894.128 


10 


^3^v CH3 

S H 3 C^cH3 j 

HO-^o o A N 
/ 

H 3 C-^/ N=0 
°=( 

N-CH3 

s 


793.922 









11 


°Y° 

V N CH ° 

kA 0 CH, 


1065.28 


12 


OyOH 

J KC^/CH, ft 0 j? 
0 ( 0 Y 0 ^ \^Jl 1 

0 v o A W 

> HJIT N CH, HjC 


777.879 


13 


H,C^CH, 


890.096 
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14 


. ( 

H 3 C-^CH3 J 

H ^ CHS h 3 c_/'-Vo 

N 

/ 
O 


348.133 


15 




835.916 




O^OH 






° S acA. u r 

I H 3 C CH3 j 






Kl 






HC 




16 




825.921 




20 
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H 3 C^| — • 

° s 



H3C 



O N 
N 



H,C 

H^C 



HO 



CH 3 
H 3 C^J . 



~CH, 




s 



HO 



O N 



H3C 




H,C 




1025.22 



932.177 



876.069 
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O 





Y H 

op o y o 

ok O 




44 


. ™ ■ ■ ' ~ 

.Oi 

°Y 0H H 

Of (TV * 0 V* 

X ^ 


926.170 


45 


J* 

/ V N 

°V 0H \ A 

A s ^ 


870.062 


46 




896.057 



60 


° HO 

T i? ^^ch, V° 


892.025 


61 


H3C S » » 

° HO n 
°^OH 


932.09 


62 


°Y° H 

o rJ f? H3 V CH3 ° T 

N 

HO 


914.031 


63 




1026.25 



0 • 78 • • 






o ^ o V ° 

0 V 0 /\ w 
N H,<T ^CH, 

HiC^CH, 

CH3 




66 


v° H Vv vT 

0 / 0^ oV ° 

ok 0 A ^ 

0 OH 


793.922 


67 


0 / 

Y H "HT 

0 E v 0 % 

O^OH H3CXH3 


807.950 
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68 


c 

H3CJ/CH3 f 

0 v. 0 \ 

HjC^CHj 
CH3 


)20.166 


69 


Y v ^ 

of of 0 V K 0 
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Y vW» 

• X "6 00 

H,C"^CH, 
H3C 


1012.22 



83 0 « 
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Additional compounds we. prepared by the following procedu es and 
examples The compounds are listed in Tables immediately fo,low,ng he 
' The structures of many of the so-prepared compounds and the,r 



examples. The structures 
5 activity are given in the attached Table 3 



88 



GENERAL PROCEDURE FOR PREPARATION OF THE COMPOUNDS OF 
TABLE 3: 

Solid-phase synthesis is useful for the production of small amounts of 
certain compounds of the present invention. As with the conventional solid-phase 
5 synthesis of peptides, reactors for the solid-phase synthesis of peptidyl argininals 
are comprised of a reactor vessel with at least one surface permeable to solvent 
and dissolved reagents, but not permeable to synthesis resin of the selected mesh 
size. Such reactors include glass solid phase reaction vessels with a sintered 
glass frit, polypropylene tubes or columns with frits, or reactor Kans™ made by 
10 Irori Inc., San Diego CA. The type of reactor chosen depends on volume of solid- 
□ phase resin needed, and different reactor types might be used at different stages 



of a synthesis. 

General Procedure for the synthesis of 4-alkv lprolines (intermediates used in the 



To a solution of L-pyroglutamic acid (100 g, 775 mmol) in tert-butyl acetate 
(1 .3 L) was added 70% aqueous perchloric acid (25 mL). After stirring for 18 

20 hours in a 3-liter round bottom flask sealed with a rubber septum, the reaction 
mixture was poured carefully into saturated aqueous sodium bicarbonate (800 
mL) and extracted with ethyl acetate (1 L, then 300 mL). The combined organic 
layers were dried (sodium sulfate), filtered and concentrated to provide tert-Butyl 
L-pyroglutamate (100.5 g, 70% mass recovery). The tert-butyl L-pyroglutamate 

25 was dissolved in acetonitrile (1 .5 L) with 4-dimethylaminopyridine (6.0 g, 49.1 
mmol) and cooled to 0°C. A solution of di-tert-butyl-dicarbonate (154 g, 705 
mmol) in acetonitrile (150 mL) was added over 30 min and after an additional 30 
min the cooling bath was removed. After stirring at room temperature for 48 



fift 

Rj 15 Step 1 



synthesis (steps 1 -4 below): 



tert-Butyl N-a-t-butoxycarbonyl-L-pyroglutamate 
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hours the reaction mixture was concentrated. The residue was dissolved in ether 
(1 L) and hexanes (1 L), then washed with saturated aqueous sodium bicarbonate 
(2 x 100 mL) and saturated aqueous sodium chloride. The solution was dried 
(sodium sulfate), filtered and concentrated to give a yellow oil (140 g). The 

5 residue was purified by recrysta.lization from hexanes (800 ml) and ethyl acetate 
(25 mL) and the mother liquor was recrystallized from hexanes (300 mL) and 
ethyl acetate (10 mL) to give two crops of the title compound (122 g, 428 mmol, 
55%) as a white solid. NMR data was consistent with previously reported 
material: R. A. August ef a,, J. Cnem. Soc, PerXin Trans. 1 (1 996) 507-514. 

io Step 2 

fert-eufy/N-^butoxycarfeony/-4-a//cy/-L-pyrog/urarT,afe 

^\ o o 

To a solution of the compound of Step 1 (1 .1 5 g, 4.0 mmol) in 
tetrahydrofuran (20 mL) stirring at -78 °C, was added a 1 M solution of lith.um 
hexamethyldisi.azide in tetrahydrofuran (4.4 mL, 4.4 mmol) dropwise over 5 mm. 
After 40 min, a.kylbromide (4.8 mmol) in tetrahydrofuran (5 mL) was added. After 
2 h at -78 "C the cooling bath was removed and saturated aqueous ammon.um 
chloride (20 mL) was added. The solution was stirred for 20 minutes, then 
extracted with 50% ether/ethy. acetate (3 x 70 mL). The combined organ.c layers 
were washed with brine (30 mL), dried (sodium sulfate), filtered, and 
concentrated. The resulting residues were purified by flash chromatography 
and/or recrystallization to afford the title compounds. 

r^ pnimri Alkvlbromide Yiejd_£% 

R _ Bn benzyl bromide 63 

R= PMB p-methoxybenzyl bromide 57 

r= allyl ally' bromide 22 

R= CH2C02Bn benzyl a-bromoacetate 51 



15 



20 



25 
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Step 3 

4-alkyl-proline 

R 




O 



(Modification of known procedure: C. Pedregal et al, Tetrahedron Letters 
5 35 (13) (1994) 35(13) 2053-2056.) To a solution of tert-butyl N-tert- 

butoxycarbonyl-4-alkylpyroglutamate (2.0 mmol) in tetrahydrofuran (5 ml_) stirring 
S at -78 °C, was added a 1 M solution of lithium triethylborohydride in 
5 tetrahydrofuran (2.4 ml_, 2.4 mmol) dropwise over 5 min. After 30 min, the cooling 
9 bath was removed and saturated aqueous sodium bicarbonate (5 ml_) was added. 

hi a 

O io The reaction mixture was immersed in an ice/water bath and 30% aqueous 

% hydrogen peroxide (10 drops) was added. The solution was stirred for 20 minutes 

L at 0°C, then the reaction mixture was concentrated in vacuo to remove the 

H tetrahydrofuran. The aqueous solution was diluted with water (10 ml_) and 

5 extracted with dichloromethane (3 x 40 mL). The organic layers were dried 

P is (sodium sulfate), filtered and concentrated. The residue was dissolved in 

dichloromethane (20 mL) and triethylsilane (310 uL, 2.0 mmol), then cooled to 
-78°C and boron trifluoride etherate (270 uL, 2.13 mmol) was added dropwise. 
Stirring was continued for 30 min, at which time additional triethylsilane (310 uL, 
2.0 mmol) and boron trifluoride etherate (270 uL, 2.13 mmol) were added. After 
20 stirring at -78 °C for an additional 2 h, the cooling bath was removed and 

saturated aqueous sodium bicarbonate (4 mL) was added. After 5 min the mixture 
was extracted with dichloromethane (3 x 40 mL). The organic layers were dried 
(sodium sulfate), filtered and concentrated. The residue was dissolved in 
dichloromethane (5 mL) and trifluoroacetic (5 mL) and stirred at ambient 
25 temperature for 5 h. The solution was concentrated and then dried under high 
vacuum to afford the title compound. 

Compound Yield (%) 

R= Bn 72 




R= PMB 



5 



R= allyl 65 
R= CH2C02Bn 34 
Step 4 

N-a-t-butoxycarbonyl-4-alkyl-proline 




H To a solution of 4-alkylproline trifluoroacetate salt (1 .5 mmol) in dioxane (7 

J ml_), acetonitrile (1 2 ml_) and diisopropylethylamine (700 uL, 4 mmol) was added 
5 di-tert-butyl-dicarbonate (475 mg, 2.18 mmol) in acetonitrile (5 ml_). After stirring 
§io for 12 h at room temperature the solution was concentrated in vacuo, dissolved in 
m saturated aqueous sodium bicarbonate(50 mL) and washed with ether (3 x 40 
O mL). The aqueous layer was acidified to pH 3 with citric acid, then extracted with 

dichloromethane (3 x 40 mL). The combined organic layers were dried (sodium 
£ sulfate), filtered and concentrated to afford the title compounds, which where pure 
S 15 enough to be used without further purification. 

Compound Yield (%) 

R= Bn 59 

R= PMB 69 

R= allyl 58 
20 R= CH2C02Bn 67 

Synthesis of other intermediates: 

4-methvlsulfinvl-2S-fluorenvlmethvloxvcarboam inobutvric acid (Fmoc-Met(Q2)- 



OH: 




o 




H 



To a solution of N-a-fluorenylmethyloxycarbonyl-methionine (3.72 g, 10 
mmol) in chloroform (225 ml_) at 0°C, was added 56-87% m-chloroperbenzoic 
n acid (20-31 mmol) in portions over 1 0 min. The cold bath was removed and the 

5 reaction was stirred for 1 8 h. The solid (4.09 g) was collected by filtration (filtrate 
5 was discarded), dissolved in hot methanol (90 mL), allowed to cool, then filtered 
§ and concentrated. The crude product was recrystallized from ethyl acetate and 
5 hexanes to yield the title compound (2.577 g, 6.39 mmol, 64 %). 

N-a-fluorenvlmethvloxvcarbonvl-3-methvlsulfinv lalanine (Fmoc-Cvs(Q2,Me)-OH: 



To a solution of N-a-fluorenylmethyloxycarbonyl-S-methylcysteine (893 mg, 
2.5 mmol) in chloroform (50 mL) at 0°C, was added 56-87% m-chloroperbenzoic 
acid (1.555 g, 5.0-7.8 mmol, > 2 eq) in portions over 10 min. The cold bath was 
removed and the reaction was stirred for 18 h. The solid was collected by filtration 
15 (filtrate was discarded), dried in vacuo, dissolved in hot ethyl acetate (150 mL), 
filtered and concentrated. The solid was dissolved in a minimal amount of hot 
methanol, then crystallized by the addition of isopropyl ether, followed by 10% 
ethyl acetate in hexanes. The solid (658.6 mg) was collected and recrystallized 
again to give the title compound (520 mg, 1 .335 mmol, 53%). 



o 
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^es/so^^ 

l . r mline fBoc J» ~(*-NHFmnc): fstPPS 1-3 below): 

step 1 

N-tert-butoxycarbonyl-cis-4-chloro-L-proline benzyl ester 



O 10 



20 




A mixture of N- -t-butoxycarbonyl-trans-4-hydroxy-proline (8.79 g. 38 
mmo.), potassium carbonate (13.0 g, 94 mmo.). benzyl bromide (4.5 mi 38 mmo.) 

: ^ m Rnmi^R stirred fori 8 h. Addition of ethyl acetate 

and aimeinynoiiiiaiinuc v . — • ■■-/ 

(1 00 mL) was followed by filtration. The white cloudy filtrate was clanfied by the 
addition of 1M HC. (100 mL). The layers were separated and the aqueous layer 
was extraoted with additional ethyl acetate (2 x 100 mL). The combined orgamc 
lay ers were washed with water (2 x 50 mL). dried (sodium sulfate), filtered and 
concentrated. Toluene was added to the crude benzyl ester, and the solu ton was 
filtered and reconcentrated. Dichloromethane (70 mL, and carbon tetrachlonde 
(70 mL) was added, followed by triphenylphosphine (21 .1 1 g, 80 mmol). The 
reaction mixture was stirred for 10 h, quenched with ethano, (7 mL) and stirred for 
5 more h. The solution was concentrated to approx. 100 ml, then 
dichloromethane (40 mL) was added, followed by the addition of ether (200 mL) 
while stirring. The solution was cooled for 4 h. filtered and concentrated to g,ve a 
yellow-brown oil which was purified by flash chromatography us.ng 
ether/hexane/dichloromethane 2:2:1 to give the title compound (9.13 g, 26.9 
mmol, 71%) as a white solid. 
Step 2 

M.^.h. rt nx^a^ ""i"-'^-4^Mo-' -nmline benzyl ester 
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y3 

i 10 
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A solution of the compound of step 1 above (9.0 g, 26.5 mmol) and sodium 
azide (7.36 g, 1 1 3 mmol) in dimethylformamide (270 ml_) was heated at 75°C for 2 
days. Water (100 mL) was added and the reaction mixture was extracted with 
ethyl acetate (3 x 100 mL). The combined organic layers were washed with water 
(3 x 50 mL), dried (sodium sulfate), filtered and concentrated. The oil was purified 

by flash chromatography using emyi aueiaie/ucAc.^ . . . ~ « - 

compound (8.59 g, 24.8 mmol, 94%). 
Step 3 

/v-fert-bufoxycar/)onyWrans-4-(N-//uofeny/mefA7y/oxycarbony/.am/no>L-pro//ne 



20 




A mixture of the compound of step 2 above (8.59 g, 24.8 mmol) and 10% 
palladium on carbon (900 mg) in ethanol (500 mL) was hydrogenated at 50 psi for 
14 h using a Parr hydrogenation apparatus. The mixture was filtered, 
concentrated, dissolved in methanol (60 mL), refiltered and concentrated to give a 
colorless oil. The oil was dissolved in water (53 mL) containing sodium carbonate 
(5.31 g, 50.1 mmol) and a solution of fluorenylmethyl succinyl carbonate (8.37 g, 
29.8 mmol) in dioxane (60 mL) was added over 40 min. The reaction mixture was 
stirred at room temperature for 17 h, then concentrated to remove the dioxane 
and diluted with water (200 mL). The solution was washed with ether (3 x 100 
mL). The pH of the aqueous solution was adjusted to 2 by the addition of citric 
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acid (caution! foaming!) and water (100 mL). The mixture was extracted with 
dichloromethane (400 mL, 100 mL, 100 mL) and the combined organic layers 
were dried (sodium sulfate), filtered and concentrated to give the title compound. 
N-a-t-butoxvcarbonvl-4-trans-fN-fluorenvl mBthvloxvcarbonylam 
proline moc-Pm(4t-MeNHF mnn)-OH) (steps 1-4 below): 
Step 1 

N-a-t-butoxycarbonyl cis-4-hydroxy-L-proline benzyl ester 

OH 




f To a mixture of cis-hydroxy-L-proline (5 g, 38.1 mmol) in benzene (45 mL) 

m io and benzyl alcohol (45 mL) was added p-toluenesulfonic acid monohydrate (7.6 g, 



f a 40.0 mmol). The reaction mixture was heated at 1 25°C for 20 h while water (2ml) 
was removed using a Dean-Stark trap. The solution was filtered while still hot, 
and then ether (150 ml) was added. The solution was allowed to cool for three h 
at room temperature, then three h at 4 °C. The resulting solid was collected, 
5 washed with ether (1 00 mL) and dried in vacuo for 1 h to give 1 3.5 grams of white 
solid. The solid was dissolved in dioxane (40 mL) and diisopropylethylamine (7.6 
mL), and then di-tert-butyl-dicarbonate (10 g, 45.8 mmol) was added over 5 min 
while using an ice bath to maintain a constant reaction temperature. After 10 h at 
room temperature the reaction mixture was poured into cold water (200 mL) and 
20 extracted with ethyl acetate (3 x 200 mL). The combined organic layers were 
washed with water (3 x 100 mL) and saturated aqueous sodium chloride (50 mL), 
dried (sodium sulfate), filtered and concentrated. The crude product was purified 
by flash chromatography using 40-60% ethyl acetate in hexanes to give the title 
compound (10.04 g, 31.24 mmol, 82%). 
25 Step 2 

N-a-t-butoxycarbonyl cis-4-mesyloxy-L-proline benzyl ester 



00 



3 
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r3 5 
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To a solution of the compound of step 2 above (8.45 g, 26.3 mmol) in 
pyridine (65 mL) at O'C. was added methanesulfonyl chloride (3.4 mL, 44 mmol) 
dropwise over 7 min. The reaction mixture was allowed to warm to room 
temperature over 2 h, then stirred overnight. A solution of 10% water in pyrid.ne 
(20 mL) was added over 1 5 min and the reaction mixture was concentrated. The 
residue was dissolved in water and extracted with ethyl acetate (2 x 200 mL). The 
combined organic layers were washed with water (2 x 50 mL) saturated aqueous 
sodium bicarbonate (50 mL) and saturated aqueous sodium chloride (50 mL), 
dried (sodium sulfate), filtered and concentrated. The resulting residue was 
dissolved in toluene (100 mL) and concentrated to remove traces of pyridine. The 
residue was dried in vacuo for 30 min to afford the title compound (10.7 g, 102%), 
then used in the next step without purification. 
Step 3 

N-a-t-butoxycarbonyl-trans-4-(R)-cyano-L-proline benzyl ester: 

CN 




20 



A solution of the compound of Step 3 above (10.7 g, 26.3 mmol) and 
tetrabutylammonium cyanide (15.0 g, 56 mmol) in dimethylformamide (100 mL) 
was heated in an oil bath at 55°C for 28 h. After cooling, water (150 mL) was 
added and the mixture was extracted with ethyl acetate (3 x 200 mL). The 
combined organic layers were washed with water (3 x 100 mL) and saturated 
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aqueous sodium chloride (100 mL), dried (sodium su„ate), «*" d and 
concentrated. The resulting residue was purified by flash chromatography (1. 
ether/hexanes, and then resized from ethy, acetate/hexanes to provrte the 
title compound (2.40 g, 7.26 mmol, 28%). 

proline : 




10 



15 



20 



A mixture the compound of Step 3 above (2.31 g, 7 mmol). water (10 mL . 
methanol (85 mL) and 10% palladium on carbon (700 mg) was hydrogena ed a. 
: 0psi ,or11 husingaParrhydrogena^onapparatus. Themixtu rewasfi^ 
and concentrated. Water (15 mL, and sodium carbonate (15 * 
added to the rescue. A solution of fiuorenylmethy, succnyl carbonate (2*6 g 7.0 
mmol, in dfcxane (1 7 mL) was added over 5 min and stirring was continued for 28 
n at room temperature. The reaction was concentrated in vacuo to a 15 mL 
volume and water (100 mL) was added. The solution was washed wrth ether (3 x 
75 mL ' The P H of the aqueous solution was adjusted to 2 by the addKion of ctnc 
acid (approx. 20 g, cautionl foaming!) and water (100 mL). The mixture was 
lid wHh dichlorometnane (4 x 100 mL), and the combined organ, ayers 
were dried (sodium sulfate), filtered and concentrated. The crude product 
contained a major impurity which necessitated a three step punficatron. The 
Ida Tlctwas dissolved in dich^methane ,50 mL) and trifiuoroacefic acd 
To mL, and stirred for 5 h before being concentrated. The residue was ounfieo 
by pTeiratory reverse-phase HPLC. The pure ^(N-fluorenylmethyloxycarbony, 
by prepardiu y dissolved in 

aminomethyl)proline trifluoroacetate salt (1 .887 g, 3.9-3 mm ; 
dloxane (10 mL), acetonitri.e (20 mL) and diisopropy.ethy.am.ne (1 .4 mL, 8 mmo.). 



98 



o 

yt 
m 



To the reaction mixture was added a solution of di-tert-butyldicarbonate (1.1g. 5 
mmol) in dioxane (5 mL). After stirring for 18 h. the pH of the solution was 
adjusted to 2 by the addition of citric acid (caution: foaming!) and water (100 mL). 
The mixture was extracted with ethyl acetate (3 x 150 mL) and the combined 

5 organic layers were washed with saturated aqueous sodium chloride (1 00 mL), 
dried (sodium sulfate), filtered and concentrated. The crude product was 
dissolved in saturated aqueous sodium bicarbonate(1 00 mL) and washed with 
ether (3 x 75 mL). The pH of the aqueous layer was adjusted to 3 by the add.t,on 
of citric acid, then extracted with dichloromethane (4 x 100 mL). The comb.ned 

,o organic layers were dried (sodium sulfate), filtered and concentrated to the t.tle 
m 373 n. 2.94 mmol. 42%). 
PmrorinrP to syntb ^ize Inventive Compounds: 

Procedure A: Coupling reaction: To the resin suspended in DMF (10-15 mL/ 
gram resin) was added Fmoc-amino acid (1 eq), HOBt (1 eq), TBTU (1 eq) and 

15 DIEA (1 eq). The mixture was let to react for 4-48 hours. The reactants were 
drained and the resin was washed successively with dimethylformamide, 
dichloromethane, methanol, dichloromethane and diethylether (use 10-15 mL 
solvent/ gram resin). The resin was then dried in vacuo. 
Procedure B: Coupling reaction: To the resin suspended in N-methylpyrrolid.ne 

20 (NMP) (1 0-1 5 mL/ gram resin) was added Fmoc-amino acid (2 eq), HOAt (2 eq), 
HATU (2 eq) and diisopropylethylamine (4 eq). The mixture was let to react for 4- 
48 hours. The reactants were drained and the resin was washed successively 
with dimethylformamide, dichloromethane, methanol, dichloromethane and 
diethylether (use 10-15 mL solvent/ gram resin). The resin was then dried ,n 

25 vacuo. 

Procedure C: Fmoc deprotection: The Fmoc-protected resin was treated with 
20% piperidine in dimethylformamide (10 mL reagent/ g resin) for 30 minutes. The 
reagents were drained and the resin was washed successively with 
dimethylformamide, dichloromethane, methanol, dichloromethane and diethyl 

30 ether (1 0 mL solvent/ gram resin). 

Procedure D: Boc deprotection: The Boc-protected resin was treated with a 1 :1 
mixture of dichloromethane and trifluoroacetic acid for 20-60 minutes (10 mL 
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solvent/ gram resin). The reagents were drained and the resin was washed 
successively with dichloromethane, dimethylformamide, 5% 
diisopropylethylamine in dimethylformamide, dimethylformamide, dichloromethane 
and dimethylformamide (10 ml_ solvent/ gram resin). 
5 Procedure E: Acetylation with acetic anhydride: The resin was suspended in 
dimethylformamide. The acetylating reagent, prepared by adding 5 mmol (0.47 
ml_) acetic anhydride and 5 mmol (0.70 ml_) triethylamine to 15 mL 
Dimethylformamide, was added to the resin and the resin was agitated for 30 
minutes. The resin was washed successively with dimethylformamide, 
10 dichloromethane, methanol, dichloromethane and diethyl ether (10 mL solvent/ 
p, gram resin). 

<£} Procedure F: Semicarbazone hydrolysis: The resin was suspended in the 
□ cleavage cocktail (10 mL/ g resin) consisting of trifluoroacetic acid: pyruvic acid: 
'5 dichloromethane: water 9:2:2:1 for 2 hours. The reactants were drained and the 
5 15 procedure was repeated three more times. The resin was washed successively 
r with dichloromethane, water and dichloromethane and dried under vacuum. 
P* Procedure G: HF cleavage: The dried peptide-nVal(CO)-G-0-PAM resin (50 mg) 
H; was placed in an HF vessel containing a small stir bar. Anisole (10% of total 
q volume) was added as a scavenger. In the presence of glutamic acid and 
** 20 cysteine amino acids, thioanisole (10%) and 1 ,2-ethanedithiol (0.2%) were also 
added. The HF vessel was then hooked up to the HF apparatus (from Immuno 
Dynamics, Incorporated) and the system was flushed with nitrogen for five 
minutes. It was then cooled down to -70°C with a dry ice/ isopropanol bath. After 
20 minutes, HF was distilled to the desired volume (10 mL HF/ g resin). The 
25 reaction was let to proceed for one and a half hour at 0°C. Work up consisted of 
removing all the HF using nitrogen. Dichloromethane was then added to the resin 
and the mixture was stirred for five minutes. This was followed by the addition of 
20% acetic acid in water (4 mL). After stirring for 20 minutes, the resin was 
filtered using a fritted funnel and the dichloromethane was removed under 
30 reduced pressure. Hexane was added to the remaining residue and the mixture 
was agitated, and the layers separated (this was repeated twice to remove 
scavengers). Meanwhile, the resin was soaked in 1 mL methanol. The aqueous 
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layer (20% HOAc) was added back to the resin and the mixture was agitated for 
five minutes and then filtered. The methanol was removed under reduced 
pressure and the aqueous layer was lyophilized. The peptide was then dissolved 
in 10-25% methanol (containing 0.1% trifluoroacetic acid) and purified by reverse 
5 phase HPLC. 

Procedure H: HF pyridine cleavage: To dried peptide-nVal(CO)-G-0-PAM resin 
(50 mg) in a HDPE 20 mL scintillation vial containing a 1/2 inch football stir bar 
was added thioanisole (100 \xL) using a pipetman. A commercially available 
solution of 70% HF/Pyridine (1 mL) was added. The vial was immediately sealed 
10 tight with a polypropylene lined cap and placed in an ice bath with gentle stirring. 
q After stirring in a 0°C bath for one hour, the bath was removed and the mixture 

^ was stirred at room temperature for one hour. During the two hour cleavage 
O process, the vial was inspected periodically and if necessary the resin which built 

q up on the sides of the flask was dispersed back into the HF solution. The vial was 
^! is cooled back to 0°C and its cap was carefully removed. The vial were then cooled 
* to -15°C using a salt/ice bath. A 10 mL B-D syringe body equipped with a 23 

Cl gauge needle was held above the vial. To this syringe body was added 

methoxytrimethylsilane (2 mL) using a repetitive autopipette. After the syringe 
O body dripped empty, additional portions of methoxytrimethylsilane (2X2 mL, 3 
^ 20 mL, (9 mL total)) were added until the HF was neutralized. The vial was stirred for 
5 minutes and then removed from the bath and stirred for 20 min. The vial was 
loaded in the speed vac and concentrated. Methylene chloride (5 mL) was added 
and the resin was stirred for 10 minutes and filtered into a 16 X 100 mm test tube 
using a 5 mL disposable column. The methylene chloride filtrate was 
25 concentrated. The resin was additionally washed with 20% AcOH in water (2X3 
mL) and diethyl ether (2 mL) into the before mentioned test tube. The mixture 
was agitated to dissolve the oil. The ether layer was then removed and the 
aqueous layer was lyophilized. The peptide was then dissolved in 10-25% 
methanol (containing 0.1% trifluoroacetic acid) and purified by reverse phase 
30 HPLC. 
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Ex amp l e l : ~ S ol i d Phas e Synthesis of A g-EEWP * i iV(CO)-Q'O II 

A. 



5 



n ■ 



10 



Ac-Glu-Glu-Val-Val-Pro-H 




Step I. Synthesis of H-nVal(dpsc)-Gly-PAM resin 



,OPAM resin 

II H o 
N U 

NHCONHCH(Ph) 2 



a) Preparation of N-a-t-butoxycarbonyl-norvalinol 




To a solution of N-a-t-butoxycarbonyl-norvaline (25.0g, 0.1 15 mol) in 
tetrahydrofuran (461 mL), cooled to 0°C, was added borane/tetrahydrofuran 
15 complex (461 mL of a 1 .0M solution in THF) dropwise. After 1 h at 0°C, the 

solution was warmed to room temperature over a period of 1 .5h. TLC indicated 
that the reaction was complete. Methanol was added to quench the reaction. The 
solution was concentrated to yield the title compound (22.56g, 96%) as a foamy 
syrup. TLC of the products indicated satisfactory purity. Rf = 0.34 (40% ethyl 

20 acetate/hexanes). 

b) Preparation of N-a-t-butoxycarbonyl-norvaline hydroxy t-butyl amide 




Boc-HN 




Part I: To a solution of the compound of step la (7.77g, 38mmol), in 
anhydrous dimethylsulfoxide (153mL) and toluene (153ml_) was added EDC 
(73.32g, 382mmol). After the solution was cooled to 0°C, dichloroacetic acid (15.8 
ml_, 191mmol) was added dropwise. After addition was complete, the reaction 
was stirred for 15 min. The solution was allowed to warm to room temperature 
over a period of 2h. The reaction mixture was concentrated to remove the 
toluene, then dissolved in ethyl acetate. The solution was washed successively 
with 1N sodium bisulfate, saturated sodium bicarbonate and brine, dried over 
sodium sulfate, then concentrated to afford crude N-a-t-butoxycarbonyl-norvalinal 
which was used directly in the next step. Rf = 0.84 (40% ethyl acetate/hexanes). 

Part II: To a solution of the crude N- -t-butoxycarbonyl-norvalinal in 
dichloromethane (153 ml_) was added t-butyl isocyanide (5.19mL, 46mmol) and 
2,4,6-collidine (20.2ml_, 1 53mmol). After the solution was cooled to 0°C, 
trifluoroacetic acid (7.64mL, 76mmol) was added dropwise. After stirring for 1h, 
the solution was stirred at room temperature for 3 days while allowing the solvent 
from the reaction mixture in an uncovered vessel to evaporate under ambient 
conditions. The reaction mixture was concentrated to remove the toluene, then 
dissolved in ethyl acetate. The solution was washed successively with 1 N sodium 
bisulfate, saturated sodium bicarbonate and brine, dried over sodium sulfate, then 
concentrated. The residue was purified by flash silica gel chromatography eluting 
with 10-40% ethyl acetate/hexanes to afford 8.12g of the title compound (70% 
yield) as a yellow syrup. Rf = 0.44 (40% ethyl acetate/hexanes). 
c) Preparation of Ethyl 3-(N-t-butoxycarbonyl)amino-2-hydroxy-hexanoate 
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The compound of step lb above (22.7g, 75mmol) was refluxed in 6N HCI 
(480ml_) for 4h. The reaction mixture was allowed to cool to room temperature, 
then washed with dichloromethane (3X100ml_). The aqueous layer was 
concentrated to dryness. The residue was triturated with toluene/n-heptane (3X), 
dried in vacuo to give crude 3-amino-2-hydroxy-hexanoic acid. The crude 3- 
amino-2-hydroxy-hexanoic acid was dissolved in hydrogen chloride saturated 
ethanol (40mL). After 4h, the solution was concentrated under reduced pressure. 
The residue was triturated with n-heptane (3X), then dried in vacuo to give crude 
ethyl 3-amino-2-hydroxy-hexanoate. To the crude ethyl 3-amino-2-hydroxy- 
hexanoate in water (150mL) was added potassium carbonate (37.32g, 270mmol). 
After dissolution was complete, dioxane was added (150ml_), followed by di-t- 
butyldicarbonate (17.7g, 81.0mmol). The reaction mixture was allowed to stir 
overnight, then concentrated under reduced pressure to remove the dioxane. The 
solution was extracted with ether (3X). then acidified to pH 2-3 with 1 N sodium 
bisulfate. The solution was extracted with ethyl acetate (3X200mL), dried over 
sodium sulfate, and the solvent was removed in vacuo to give 13.21g of the title 
compound in 71% yield. 

d) Preparation of Ethyl N-a-t-butoxycarbonyl-norvalyl carboxylate 
diphenylmethylsemicarbazone (part l-part III below) 




Boc-HN 

KlHCONHCH(Ph) 2 

Part i: Synthesis of 1-t-Butoxycarbonyl-semicarbazid-4-yl diphenylmethane 

o H H 



H 



o 
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A solution of carbonyldiimidazole (16.2 g, 0.10 mole) in 225 ml_ of 
dimethylformamide was prepared at room temperature and allowed to stir under 
nitrogen. A solution of t-butyl carbazate (13.2 g, 0.100 mol) in 225 ml_ DMF was 
then added dropwise over a 30 min. period. Diphenylmethylamine (18.3 g, 0.10 
mol) was added next over a 30min. period. The reaction was allowed to stir at 
room temperature under nitrogen for one hour. Water (10 ml_) was added and the 
mixture was concentrated to about 150 ml_ under reduced pressure. This solution 
was poured into 500 mL water and extracted with 400 ml_ of ethyl acetate. The 
ethylacetate phase was extracted two times each with 75 mL 1N HCI, H2O, 
saturated sodium bicarbonate solution and sodium chloride, and dried with 
mannftRium sulfate. The mixture was filtered and the solution was concentrated to 
give 29.5 g (85% yield) of a white foam. This material could be purified by 
recrystallization from ethyl acetate/hexane, but was pure enough to use directly in 
the next step: mp 142-143°C. "«H NMR (CDCI3) d 1.45 (s, 9H), 6.10 (dd, 2H), 6.42 
(s, 1H), 6.67 (bs, 1H), 7.21-7.31 (m, 10H). Anal: Calcd. for C19H23N3O3: C, 
66.84; H, 6.79; N, 12.31. Found: C, 66.46; H, 6.75; N; 12.90. 
Part II): Synthesis of diphenylmethyl semicarbazide (dpsc) trifluoroacetate salt 

H H 

TFA-H 2 N' N Y N 
O 




A solution of the product obtained in part I (above) (3.43 g, 10 mmol) in 12.5 
20 mL of dichloromethane was treated with 12.5 mL of trifluoroacetic acid at room 
temperature and allowed to stir for 30 min. The solution was added dropwise to 
75 mL of ether and the resulting precipitate (2.7 g, 80%) was filtered on a glass 
funnel, mp 182-184°C. NMR (CD3OD) d 6.05 (s, 1H), 7.21-7.35 (m, 10H). 
13c NMR (CD3OD) d 57.6, 118.3 (q, CF 3 ), 126.7, 127.9, 141.6, 156.9, 160.9 

25 (q, CF3CO2H). 

Part in): Preparation of Ethyl N-a-t-butoxycarbonyl-norvalyl carboxylate 
diphenylmethylsemicarbazone 
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To a cooled (0°C) solution of the compound of step Ic above (13.21g, 
48mmol) and EDC (92.1g, 0.48mol) in dimethylsulfoxide (20mL) and toluene 
(20mL) was added dichloroacetic acid (20.6mL, 0.24mol) dropwise. The react,on 
mixture was stirred for 1 5 min, then allowed to warm to room temperature over a 
2h period. The reaction mixture was concentrated under reduced pressure, then 
diluted with ethyl acetate, and washed successively with 1 N sodium bisulfate, 
saturated sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate, and the solvent was removed in vacuo to afford crude ethyl N-a-t- 
butoxycarbonyl-norvalyl carboxylate. Ethyl N-a-t-butoxycarbonyl-norvalyl 
carboxylate was dissolved in ethanol (180mL), and water (60mL), 

:_.K 3 ,iH 0 /nhtainfid in oart II above)(34.12g, 96mmol) and 

sodium acetate (4.73g, 57.6mmo.) was added. The reaction mixture was refluxed 
overnight, then allowed to cool to room temperature. The reaction mixture was 
concentrated under reduced solvent, then diluted with ethyl acetate. The organ.c 
,ayer was washed successively with 1N sodium bisulfate, saturated sod.um 
bicarbonate and brine, dried over sodium sulfate, and the solvent was removed in 
vacuo The residue was chromatographed over flash silica gel us.ng 20-30% 
ethyl acetate/hexanes as eluent to afford 4.02g of the title compound in 17% y.eld 
as a white powder. Rf = 0.60 (40% ethyl acetate/hexanes). 
e) Preparation of N-a-t-butoxycarbonyl-norvalyl carboxylic acid 
diphenylmethylsemicarbazone(Boc-nVal(dpsc)-OH) 



Boc-HN 




r!|HCONHCH(Ph) 2 



25 



To the compound of step Id above (4.02g, 8.1 mmol) in ethanol (40.5mL) 
was slowly added 1N lithium hydroxide (64.8mL, 64.8mmol). After 3h, Dowex 
50WX8-400 ion exchange resin was added until the pH of the solution reached 4, 
and the mixture was stirred for 5min. The mixture was filtered, washed wth 
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methanol, and concentrated. The solution was diluted with water, washed with 
ether The aqueous solution was concentrated in vacuo. The resulting solid was 
triturated with toluene, then dried in vacuo to yield 1 .44g of the title compound 
(38%) as a white solid. 

HPLC" R» = 16 2 and 17.7 minutes in a 30% to 90% acetonitrile gradient in 0.1% 
aqueous TFA buffer on a 4.6 x 250mm, 5mM particle, 1 00A pore, C18 column at a 
1 .OmL/min flow rate. 

f) Synthesis of H-nVal(dpsc)-Gly-PAM resin 
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Boc-HN 



Vnr 



PAM resin 



JlHCONHCH(Ph) 2 




The commercially available Boc-Gly-PAM resin (5 g, 3.35 mmol) was 
deprotected according to Procedure D in a 250 ml_ fritted solid phase reaction 
vessel equipped with a nitrogen inlet. It was then coupled to Boc-nVal(dpsc)-OH 
(step le above) (2.81 g, 6 mmol)according to Procedure A. The resin was then 
subjected to Boc deprotection according to procedure D. 
Step II Synthesis of Fmoc-Pro-nVal(dpsc)-Gly-PAM resin 

The resin obtained in step I (3.5 g, 1 .80 mmol) was reacted with Fmoc-Pro- 
OH (4 5 mmol, 1.52 g) according to Procedure A. After 18 hours, qualitative 
ninhydrin analysis showed colorless beads and solution indicating a high y.eld of 
coupling. 

Ste p III. Sy ti l h esis i> r rm o c= Val-Hiu-nV a l(J^o)-Gly-PAM lu "" r ~^^ 

The compound of step II above (100 mg) was trarisferi^er^rritted 
polypropylene tube and was deprotected acc^g^P^edure C. A ninhydrin 
assay on a small aliquot gave dark blu^slr^nd solution, indicating a high y.eld 
for the deprotection. The ^^suspended in DMF (1 mL) and coupled to 
Fmoc-Val-OH (51rpgr^mol) according to Procedure A. A small aliquot was 
taken for^Sive ninhydrin analysis which showed colorless beads and a dark 
solution indicating a high yield of coupling . 
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Step IV. Synthesis of Fmoc-Val-Val-Pro-nVal(dpsc)-Gly-PAM resin / 

The compound of the previous step (100 mg) was deprotected according to 
Procedure C. A ninhydrin assay on a small aliquot gave dark blu^/resin and 
solution showing a high yield for the deprotection. The resin wa£ resuspended in 
DMF (1 ml_) and was coupled to Fmoc-Val-OH (51 mg, 0.15 ./mol), according to 
Procedure A for 20 hours. A small aliquot was taken for qualitative ninhydrin 
analysis which showed colorless beads and solution indicating a high yield of 

coupling. / 

Step V. Synthesis of Fmoc-Glu(OtBu)-Val-Val-Pro-ny4l(dpsc)-Gly-PAM resin 

The compound of the previous step (100 mg/was deprotected according to 
Procedure C. A ninhydrin assay on a small aliquo/gave dark blue resin and 
solution showing a high yield for the deprotectior/ The resin was resuspended in 
DMF (1 ml_) and was coupled to Fmoc-Glu(OtEfu)-OH (64 mg, 0.15 mmol), 
according to Procedure A for 5 hours. A small aliquot was taken for qualitative 
ninhydrin analysis which showed colorless ^eads and solution indicating a high 
yield of coupling. 

Step VI. Synthesis of Fmoc-Glu(OtBu)-G / lu(OtBu)-Val-Val-Pro-nVal(dpsc)-Gly- 
PAM resin 

The compound of the previous 7 step (1 00 mg) was deprotected according to 
Procedure C. A ninhydrin assay or/a small aliquot gave dark blue resin and 
solution showing a high yield for t/e deprotection. The resin was resuspended in 
DMF (1 ml) and was coupled to/moc-Glu(OtBu)-OH (64 mg, 0.15 mmol), 
according to Procedure A for e/hours. A small aliquot was taken for qualitative 
ninhydrin analysis which sho/ed colorless beads and solution indicating a high 
yield of coupling. 

Step VII. Synthesis of A/Glu(OtBu)-Glu(OtBu)-Val-Val-Pro-nVal(dpsc)-Gly-PAM 
resin 

The compound/of the previous step (100 mg) was deprotected according to 
Procedure C and acylated according to Procedure E. The resin was vacuum dried 
and a small aliquoVwas taken for qualitative ninhydrin analysis which showed 
colorless beads aYid solution indicating a high yield of coupling. 
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Step VIM. Synthesis of Ac-Glu(OtB U )-Glu(OtBu)-Val-V a l-P-o-nV^(CO)-Gly-PAM 

resin , 

The compound of the previous step (100 mg) was subjected to 

semicarbazone hydrolysis Procedure F. 
Step IX. Synthesis of Ac-Glu-Glu-Val-Val-Pro-nVal-(CO)^ly-OH 

The resin of the previous step (100 mg) was subj/cted to HF cleavage 
condition (Procedure G) to yield the desired crude product. The materia, was 
purifled by HPLC using a 2.2 X 25 cm reverse phase^column, contains a C-18 
resin comprised of 10 micron size gel particles witt/a 300 angstrom pore s, Z e, 
eluting with a gradient using 5-25% acetonitrile i/wa.er. Anaiytica, HPLC us,ng a 

i..™ ™nt a ini./a a C-18 resin comprised of 5 

4 6 X 250 mm reverse pn«»o j - 

micron size ge. particles with a 300 angstrom/pore size, eluting with 5-25% 
acetonitrile (containing 0.1% trifluoroacetic ^cid) showed one peak at 17 5 
minutes. Low resolution mass spectrum confirmed the desired mass (MH 798.5). 
Table of Compounds synthesized according to Example I 



COMPOUND NAMb 

Ac-EEWP-nV-(CO)-G-OH 
Ac-EEW-Sar-nV-(CO)-G-OH 



SYNTHESIS 

/[example I 
step II: used Fmoc-Sar-OH 



Ac-EEW-Aze-nV-(CO)-G-OH 
Ac-EEV-G(Chx)-P-nV-(CO)-G : ^H 



step II: used Fmoc-azetidine-OH 
Tstep III: used Fmoc-Gly(CHx)-un 



Ac-EEVFP-nV-(CO)-G-OH 



step III: used Fmoc-Phe-Ori 



Ac-EEVIP-nV-(CO)-G-OH 
Ac-EEW-dlPip-nV-(CO)-G/OH 



Ac-EEVV-Tiq-nV-CCOVG-^ri 
Ac-EEW-C(Me)-nV-(C0/)-C3-uH 



Ac-EEW-C(Q2,Me)-ny-(CU)-Ui-uH 



Ac-EEW-C(2-AcOH)/nV-(CO)-u- 
OH 



Ac-EEW-M(Q2)- ny-(CO)-G-OH 
Ac-EEW-P(4t-Bn)-nV-(CO)-G^OH 



^tep III: used Fmoc-lle-OH 
step II: used Boc-d,l-pipecoiic acid 
jstep II: used Fmoc-Tiq-OH 
[step II: used Fmoc-Cys(Me)-OH 
step II: used Fmoc-Cy s(Q2,Me)-OH 
Istep II: used Fmoc-Cys(2-AcUtbU}-un 

step II: used Fmoc-Met(02)-OH 
step II: used Boc-Pro(4t-Bn)-un 
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Ac-EEW-P(4t-Bn(4-OMe))-nV- J 
(CO)-G-OH 


step II: used Boc-Pro(4t-Bn(4-OMe))-OH 

/ 


Ac-EEW-P(4t-allyl)-nV-(CO)-G-OH ; 


step II: used Boc-Pro(4t-all^-OH 


Ac-EEWD-nV-(CO)-G-OH « 


step II: used Fmoc-Asp(OJfcBu)-OH 


Ac-EEWE-nV-(CO)-G-OH 


step II: used Boc-Glu(OJfeBu)-OH 


Ac-EEWF-nV-(CO)-G-OH 


step II: used Fmoc-PJ?e-OH 


Ac-EEW-P(4t-AcOH)-nV-(CO)-G- 
OH 


step II: used Boc-Pe6(4t-AcOBn)-OH 

/ 


Ac-EESVP-nV-(CO)-G-OH 


step IV: used Fj^oc-Ser(tBu)-OH 


Ac-EAWP-nV-(CO)-G-OH 


Step V: used Fmoc-Ala-OH 


rtC-ccn v r-i i v -\ou;-«j-vi i 


step IV: use^ Fmoc-His(Trt)-OH 


Ac-EENVP-nV-(CO)-G-OH 


step IV: used Fmoc-Asn(Trt)-OH 


Ac-EEW-P(4t-Ph)-nV-(CO)-G-OH 


step II: u6ed Boc-Pro(4t-Ph)-OH 


Ac-EEW-P(3t-Me)-nV-(CO)-G-OH 


step ll/used Boc-Pro(3t-Me)-OH 


Ac-EE-Orn-VP-nV-(CO)-G-OH 


step fl: used Fmoc-Orn(Boc)-OH 


Ac-EdEWP-nV-(CO)-G-OH 


stejzf V: used Fmoc-dGlu(OtBu)-OH 


Ac-EE-(s,s)alloT-VP-nV-(CO)-G- 
OH 


step IV: used Fmoc-(s,s)allo-Thr-OH 

/ 


Ac-EE-Dif-VP-nV-(CO)-G-OH / 


step III: used Fmoc-Dif-OH 


Ac-EE-daba-VP-nV-(CO)-G-OH / 


step III: used Fmoc- Daba(Boc)-OH 


Ac-EEDVP-nV-(CO)-G-OH / 


step IV: used Fmoc-Asp(OtBu)-OH 


Ac-EEEVP-nV-(CO)-G-OH J 


step IV: used Fmoc-Glu(OtBu)-OH 


Ac-EETVP-nV-(CO)-G-OH / 


step IV: used Fmoc-Thr(tBu)-OH 


Ac-AEWP-nV-(CO)-G-OH / 


step VI: used Fmoc-Ala-OH 


Ac-EELVP-nV-(CO)-G-Oh/ 


step IV: used Fmoc-Leu-OH 





^aifTEfleTirSol ut i on Phase Syn t hes i s of Ac-EEWP-iiV-fCOVG^aHvtAm 



Trifluoroacetic acid (4.15 ml_, 41.54 mmol) was added dropwise to a cooled 
solution (0°C) of Boc-nVal-aldehyde (4.18 g, 20.77 mmol) (obtained in example I, 
step lb(part I)), ethylisocyanoacetate (2.72 ml_, 24.93 mmol), and pyridine (6.72 
ml_, 83.09 mmol) in dichloromethane (83 ml_). After two hours, the reaction was 
brought to room temperature and stirred uncapped for 48 hours. The reaction 
mixture was concentrated and dissolved in ethylacetate (80 ml_). It was then 
extracted three times each with 10 ml_ portions of 1N sodium bisulfate, saturated 
sodium bicarbonate and brine. The organic layer was dried and concentrated and 
the remaining residue was subjected to purification using flash column 
chromatography in 1:4 ethylacetate: hexane followed by 2:3 ethylacetate: hexane. 
The desired fractions were pulled and concentrated to a yellowish flake (24.5 g, 
78.6%). Thin layer chromatography in 2:3 ethylacetate: hexane showed one spot 
with an Rf of 0.16. Low resolution mass spectrum confirmed the desired mass (M 
+ Na + 489). 

Step II. Synthesis of HCI»H-nVal(CHOH)-Gly-OEt 

The product obtained in step I above (1.12 g, 3.38 mmol) was treated for 
one hour with 10 ml_ saturated solution of anhydrous HCI in ethanol. It was then 
concentrated and triturated with n-heptane to a solid (0.9 g, 99.2%). 
-.StetHHr-Syf rt he ab or Ac - Glu(QlBu)-GIU(QtBU)-Val-Val-P»0-OH ( steps-a=Lbelow>- - 
a) Synthesis of Fmoc-Val-Pro-2CITrt resin 

In a 1L solid phase reaction vessel equipped with a nitrogen inlet, 25 g of 
Pro-2CITrt resin (200-400 mesh, 0.64 mmol/g substitution) was suspended in 




Step I. Synthesis of Boc-nVal(CHOH)-Gly-OEt 
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dimethylformamide (213 ml_). Fmoc-Val-OH (1 .5 g, 32 mmol) was coupled for 
four hours according to Procedure A. A small aliquot was taken for colorimetric 
ninhydrin analysis which showed a 99.5% coupling efficiency in the production of 
the title compound. 

b) Synthesis of Fmoc-Val-Val-Pro-2CITrt resin 

The resin from the previous step (0.53 mmol/gj was deprotected according 
to Procedure C. It was then coupled to Fmoc-Val-OH (10.85 g, 32 mmol) 
according to Procedure A with 99.5% efficiency. / 

c) Synthesis of Fmoc-Glu(OtBu)-Val-Val-Pro-2CITrt resin 

The resin from the previous step (0.504/rnmol/g) was deprotected 
according to Procedure C. It was then coupl/d to Fmoc-Glu(OtBu)-OH (13.63 g, 
32 mmol) according to Procedure A with 99/4% efficiency. 

d) Synthesis of Fmoc-Glu(OtBu)-Glu(OtBU)-Val-Val-Pro-2CITrt resin 

The resin from the previous step (0.461 mmol/g) was deprotected 
according to Procedure C. It was thenytoupled to Fmoc-Glu(OtBu)-OH (13.63 g, 
32 mmol) according to procedure A w/th 99.2% efficiency to yield the titled 
compound. 

e) Synthesis ofAc-Glu(OtBu)-Glu(6tBu)-Val-Val-Pro-2CITrt resin 

The resin from the previous step (0.42 mmol/g) was deprotected according 
to procedure C. The N-terminus/was then capped according to Procedure D to 
yield the desired compound in/99.7% efficiency. 

f) Synthesis ofAc-Glu(OtBu)JGIu(OtBu)-Val-Val-Pro-OH 

The resin from the pyfevious step was transferred to a 1L plastic bottle and 
cleaved in the presence of 525 ml solution of acetic acid: trifluoroethanol: 
dichloromethane (1 :1 :3) with vigorous shaking for two hours. The resin was 
filtered using a fritted fyfinel and washed 3 x 50 mL with dichloromethane. The 
brownish red filtrate was concentrated to an oil which was then treated three times 
with 50 ml of a 1:1 mixture of dichloromethane: n-heptane. The crude off-white 
powder (13 g) was/then dissolved in minimum amount of methanol and purified by 
HPLC using a 2.2 X 25 cm reverse phase column, containing a C-18 resin 
comprised of 10/micron size gel particles with a 300 angstrom pore size, eluting 
with a gradien/ranging from 15-55% acetonitrile in water. The pure fractions were 



(ft 112 0| 




15 



i-g. 



pulled and concentrated to a fluffy, white product (7.5 g, 65%). Analytical HPLC 
using a 4.6 X 250 mm reverse phase column, containing a C-18 resin comprised 
of 5 micron size gel particles with a 300 angstrom pore size ran at 5-50% 
acetonitrile (containing 0.1% trifluoroacetic acid) showed one peak with the 
retention time of 20.5 min. Low resolution mass spectrum confirmed the desired 
mass (MH + 726.5). 

^ter»Vr-Synthes te o l Ac-Glu(OLDu)-O l u (QtBO)=Va1^l-Pro-nVal(UHOH)-G^ 
The compound of step III above (Ac-Glu(OtBu)-Glu(OtBu)-Va1^^ 
(0.72 g, 1 mmol) was coupled to the compound of step II above. 
io nVal(CHOH)-Gly-OEt) (0.27 g, 1 mmol) using HOAt (02£4<1 .5 mmol), HATU 
/n « a* mmnh and riiisooroovlethvlamine (Q^TmL, 5 mmol) in DMF at room 
temperature. After 18 hours, the reactionjpixture was concentrated. The 
remaining residue was picked up in et>y1acetate and washed three times each 
with 10 mL portions of 1N sodiurp^isulfate, saturated sodium bicarbonate and 
brine. It was then dried overturn sulfate and concentrated to a crusty yellowish 
product which was take^o the next step without further purification (0.98 g). 
Analytical HPLC using a 4.6 X 250 mm reverse phase column, containing a C-18 
resin comprise^Tof 5 micron size gel particles with a 300 angstrom pore size, 
eluting wjJkIs-50% acetonitrile (containing 0.1% trifluoroacetic acid) showed a 2:1 
ratioydiastereomers with retention times of 21 minutes and 21 .5 minutes, 
respectively-, 

, 4?tefr ^- Syntn ^^ Vo l Pi o-nVa l (CHOH) Gly -OH— 

To the compound obtained in step IV above (0.94 g, 1 mmol) in ethanoji^ 
mL) was added 1N lithium hydroxide (4 mL, 4 mmol) and the reaction^stirred 
at room temperature for two hours. The reaction was stopped^fre addition of 
enough Dowex ion exchange resin (50 X8-400) toobjain^m acidic solution, pH 
~3 After stirring for 1 5 minutes, the xea&pjrt&n* was filtered and 
concentrated. The crude productj^jas^Jbjected to HPLC purification using a 5.5 
X 30 cm reverse phase co^jp^Waining a C-18 resin comprised of 5 micron 
size gel particles wit>a^00 angstrom pore size, eluting with a 30 minute gradient 
using 5-30%^ceWrile in water. The desired fractions were pulled and 
concentra^Lto-a- whito oo l id (23 8 mg, ? f >% Jb 
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Step VL Synthesis of Ac-G. U (OtBu)-GI U (OtBu>Val-Val-Pry!v a i(CHOH)-Gly- 

allylamide / 

The compound of step V above (129 mg, 0.14 mmol) was coupled to 
ailylamine (13 1 . 0.17 mmol) in the presence of HOBt «£b.5 mg, 0.38 mmol), EDO 
(54 3 mg, 0.28 mmol) and diisopropylethylamlne (124 / I. 0.71 mmol) ,n 
dimethylformamide (10 ml). After 18 hours, the reaction mixture was concentrated 
and the remaining residue was picked-up in ethylac/tate and washed three mes 
each with 5 mL portions of 1 N sodium bisulfate. saturated sodium b,carbonate and 
brine. After drying over sodium sulfate, the orga/ic layer was concentrated to g,ve 
a white precipitate which was taken to the nextltep without further puriflcafon 

lio. n „=inn <, 4 B V 250 mm reverse phase column, 

(1 1 5 mg, B07o). Anoiyu^i ■ ■ »-■--<- 

containing a C-18 resin comprised of 5 micr/n size gel particles with a 300 
angstrom pore size, eluting with 5-50% ac/tonitnle (containing 0.1% tnfluoro.ce.c 
acid) showed two diastereomeric peaks/ith retention times of 15.9 and 16^5 
minutes, respectively. Low resolutton iass spectrum confirmed the des,red mass 
(M + Na + 973.5). / 

Step VII. Synthesis of Ao-G.u(OtBu/Glu(Offiu)-Val-Va|.Prc-nVal(CO)-Gly- 

allylamide , /-,„ C o m « 

Under a stream of nitroge/gas, the product of step VI above (1 15.2 mg, 
0 12 mmol) was dissolved in dif thylsulfoxide (5 mL) and toluene (5 mL). Water 
soluble carbodiimide (EDO. 2ak mg, 1.21 mmol) was then added in one batch. 
The reaction mixture was cooled to 0°C and dichloroacetic acid (52 1 , 0.60 
mmo.) was added dropwise/ Stirring at 0°C continued for 15 minutes. The ,ce 
bath was removed and the/reaction continued for two hours at room temperature. 
The toluene was remove/under reduced pressure. The remaining solution was 
diluted with ethylacetate/and washed three times each with 5 mL portions of 1N 
sodium bisulfate, saturated sodium bicarbonate and brine. It was then 
concentrated to a yell/wish foam (85.5 mg. 74.4%). 
Step VIII. synthesis/of Ac-Glu-GI U -Val-Val-Pro-nVal(CO)-Gly-allylam,de 

The product if step VII above (0.86 g, 0.91 mmol) was treated with a 1 :1 
mixture of dichloroLhane: trifluoroacetic acid (20 m„ for one hour. The reaction 
mixture was then Lcentrated and the remaining residue was purified us,ng a 2.2 
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X 25 cm reverse phase HPLC column, containing a C-18 resin comprised of 10 
micron size gel particles with a 300 angstrom pore size, el/ting with a 30 minutes 
gradient using 10-25% acetonitrile in water. The purified/fractions were pulled and 
lyophilized to a white powder (21 .5 mg, 28.5%). Analy/cal HPLC using a 4.6 X 
250 mm reverse phase column, containing a C-18 resin comprised of 5 m.cron 
size gel particles with a 300 angstrom pore size, eating with 5-75% acetonitrile 
(containing 0.1% trifluoroacetic acid) showed one 7 peak at 9.5 minutes. Low 
resolution mass spectrum confirmed the desired mass (MH + 837.5). 

Table of Compounds synthesized according to Example II 



COMHUUINU INMivic 


/ CVMTHFRIS I 

/ " ~: i 


Ac-EEWP-nV-(CO)-G-allylAm 


/ example II 


Ac-EEWP-nV-(CO)-G-2PhttAm/ 


step VI: used 
phenethylamine 


Ac-EEWP-nV-(CO)-G-PropA / m 


step VI: used 
propylamine 


Ac-EEWP-nV-(CO)-G-pro0ynylAm 


step VI: used 
propynylamine 


Ac-EEWP-nV-(COW3-iPrAm 


step VI: used 
isopropylamine 
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|*afflBlg-mr Solution Phase svntn esis ot AC-hcWk-nV- 
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Ac-Glu-Glu-Val-Val-Pro-HN 

o H o 

Step I. Synthesis of Fmoc-nVal-Gly-Oallyl (steps a-c below) 



Fmoc-HN 

OH 




a) Synthesis ofallyl isocyanoacetate 

a1) Ethyl isocyanoacetate (96.6 mL, 0.88 mol) was added dropwise to a 
chilled solution of ethanol (1.5 L) and potassium hydroxide (59.52 g, 1.0 mol). 
The reaction was slowly warmed to room temperature. After two hours, the 
precipitated product was filtered on a glass funnel and washed with several 
portions of chilled ethanol. The potassium salt of isocyanoacetic acid thus 
obtained was dried in vacuo to a golden-brown solid (99.92 g, 91 .8%). 

a2) To the product of step a1 (99.92 g, 0.81 mol) dissolved in acetonitrile 
(810 mL) was added allyl bromide (92 mL, 1 .05 mol). After refluxing for four 
15 hours, a dark brown solution was obtained. The reaction mixture was 

concentrated and the remaining residue was picked-up in ether (1 .5 L) and 
washed three times with water (500 ml). The organic layer was dried and 
concentrated to a dark brown syrup. The crude was purified by vacuum distillation 
at 7 mm Hg (98°C) to a clear oil (78.92 g, 77.7%). NMR 8 ppm (CDCI3): 5.9 (m, 1 
H), 5.3 (m, 2H), 4.7 (d, 2H), 4.25 (s, 2H). 

b) Synthesis of9-fluorenylmethoxycarbonyl-norvalinal (steps b1-b3 below) 
b1) Synthesis of 9-fluorenylmethoxycarbonyl-norvaline methyl ester: 

To a chilled solution of Fmoc-norvaline (25 g, 73.75 mmol) in anhydrous 
methanol (469 mL) was added thionyl chloride (53.76 mL, 0.74 mol) over one 
hour. Thin layer chromatography in ethylacetate taken an hour later confirmed the 
completion of the reaction (Rf = 0.85). The reaction mixture was concentrated 
and the remaining residue was picked-up in ethylacetate. The organic layer was 
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washed with three 200 ml portions of saturated sodium bicarbonate followed by 
brine. The organic layer was dried and concentrated to afford the title product as 
a white solid (26.03 g) in quantitative yield. NMR 8 ppm (CD3OD): 7.7 (m, 2H), 
7.6 (m, 2H), 7.4 (m, 2H), 7.3 (m, 2H), 4.3 (m, 2H), 4.1 (m, 2H), 3.7 (s, 3H), 1.7 (m, 
1H), 1.6 (m, 1H), 1.4 (m, 2H), 0.95 (t, 3H). 
b2) Synthesis of 9-fluorenylmethoxycarbonyl-norvalinol: 

To the product of step b1 (26.03 g, 73.75 mmol) in tetrahydrofuran (123 
ml_) and methanol (246 ml_) was added calcium chloride (16.37 g, 147.49 mmol). 
The reaction mixture was cooled to 0°C and sodium borohydride (1 1 .16 g, 0.3 
mol) was added in several batches. Methanol (500 ml_) was added to the thick 

„w„ ina H or,H tho rocirtinn was stirred at room temperature for 90 minutes. 
Thin layer chromatography in 2:3 ethylacetate: hexane confirmed the completion 
of the reaction (Rf = 0.25). The reaction was quenched with the slow addition of 
100 mL water at 0 C. The methanol was removed under reduced pressure and 
L is the remaining aqueous phase was diluted with ethylacetate (500 mL). The 
3 organic layer was washed three times each with 500 ml portions of water, 
ft saturated sodium bicarbonate and brine. The organic layer was dried over 
S sodium sulfate and concentrated to a white solid (21 .70 g, 90.5%). NMR 8 ppm 
** (CD3OD): 7.8 (m, 2H). 7.7 (m, 2H), 7.4 (m, 2H). 7.3 (m. 2H). 4.3-4.5 (m, 2H), 4.2 
20 (m, 1 H), 3.6 (s, 1 H). 3.5 (s, 2H), 1 .5 (m, 1 H), 1 .3-1 .4 (m, 3H), 0.99 (m, 3H). 
b3) Synthesis of9-fluorenylmethoxycarbonyl-norvalinal: 

To the product of step b2 (21 .70 g, 66.77 mmol) in dichloromethane (668 
mL) was added triethylamine (37.23 mL, 267.08 mmol) and the solution was 
cooled to 0 C. A suspension of pyridine sulfur trioxide complex (42.51 g, 267.08 
25 mmol) in dimethylsulfoxide (96 mL) was added to the chilled solution. After one 
hour, thin layer chromatography in 2:3 ethylacetate: hexane confirmed the 
completion of the reaction. The dichloromethane was removed under reduced 
pressure and the remaining residue was picked-up in ethylacetate and washed 
with several 50 mL portions of water, 1N saturated sodium bisulfate, saturated 
30 sodium bicarbonate and brine. The organic layer was concentrated to yield a 
white solid. Theoretical yield (21 .57 g) was assumed and the reaction was taken 
to the next step without further purification. 
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c) Synthesis of Fmoc-nVal(CHOH)-Gly-Oallyl 



Fmoc-HN y 
OH 




To a solution of 9-fluorenylmethoxycarbonyl-norvalinal obtained from step 
b3 (5.47 g, 16.90 mmol) in dichloromethane (170 ml_) was added allyl 
5 isocyanoacetate (step I a2 above) (2.46 ml_, 20.28 mmol) and pyridine (5.47 ml_, 
67.61 mmol). The reaction mixture was cooled to 0°C and trifluoroacetic acid 
(3.38 ml_, 33.80 mmol) was added dropwise. The reaction was stirred at 0 C for 
O 1 h, and then at room temperature for 48 hours. Thin layer chromatography taken 

.« in etnyiaceiaie coiiiirmtju me uuimpibuum <~» ui«= iooouw ~ ■ ~— — — 

5 io was concentrated and subjected to flash column chromatography using a gradient 
O composed of 20:80 ethylacetate: hexane to 70:30 ethylacetate: hexane. Fractions 
SI] containing the desired product were pooled and concentrated to a white foam 
L (6.88 g, 87.3%). TLC in 50:50 ethylacetate showed one spot (Rf = 0.37). NMR 6 
N PPm (CD3OD): 7.8 (m, 2H), 7.65 (m, 2H), 7.4 (m, 2H), 7.3 (m, 2H), 5.9 (m, 1 H), 
h 15 5.1-5.4 (m, 2H), 4.55-4.65 (m, 2H), 4.3-4.4 (m, 2H), 4.15-4.25 (m, 1H), 4.01 (s, 
S 1 H), 3.9-4.0 (m, 3H), 1 .5-1 .6 (m, 2H), 1 .35-1 .45 (m, 3H), 0.9 (m, 3H). 
Step II. Synthesis of H-nVal(CHOH)-Gly-Oallyl 

To Fmoc-nVal(CHOH)-Gly-Oallyl (300 mg, 0.64 mmol) (obtained in step Ic 
above) dissolved in tetrahydrofuran (5.8 ml_) was added diethylamine (0.64 ml_) 
20 and the resulting solution was stirred at room temperature for two hours. The 
reaction mixture was concentrated and the remaining solid was triturated with a 
1 :4 ether: hexane mixture. The product was collected on a glass funnel and 
washed several times with a 1:1 ether: hexane mixture (93.7 mg, 57%). Low 
resolution mass spectrum confirmed the desired mass (MH + 245.0). 
25, stop l l l . - Gy n th e sis of Ac C l u(OtDu) G l u(OtB ii )-VRl-Val-Pro-nVal(g hlQH)-G4y 



The product obtained from step II above (28.2 mg, 0.1 1 mmol) was coupled 
to Ac-Glu(OtBu)-Glu(OtBu)-Val-Val-Pro-OH (example II, step III) (84 mg, 0.11 
mmol) in the presence of HOAt (23.6 mg, 0.17 mmol), HATU (48.4 mg, 0.13 
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mmol), diisopropylethylamine (100.8 nl. 0.58 mmol) in dimethylformamide (20 ml_) 
for 4 hours at room temperature. The DMF was removed under reduced pressure 
and the remaining residue was picked up in ethylacetate and washed with 1N 
sodium bisulfate, saturated sodium bicarbonate and brine. After drying over 
sodium sulfate, the organic layer was concentrated to give a white solid (100.3 
mg, 91 %) which was taken to the next step without further purification. Low 
resolution mass spectrum confirmed th edesired ma ss (M + Na+ 974.5^ 
-Step-I V. Sy i il l lesib uf A T=GtuTptBu)-Glu(Utbu)-Val^al-Pro-nVal(CO)-G 

Under a stream of nitrogen gas, the product of the previous^tep^B mg, 
L 0.054 mmol) was dissolved in dimethylsulfoxide (1 .2 mL) andjotoe^e (1 .2 ml_). 

O ..... ,..u.~~o.K~<iirv,iH<wFnr. 103.8 ma. 0.54 mmorTwas then added in one 

£ batch. The reaction mixture was cooled tojTC^nd dichloroacetic acid (22.3 I , 
0.27 mmol) was added dropwise. Stirj*ng^0°C continued for 1 5 minutes. The 
ice bath was removed and the^eaction was slowly brought to room temperature. 
The reaction was stoppe^fter 90 minutes. The toluene was removed under 
reduced pressure^Th^reaction was diluted with ethylacetate and washed with 
1 N sodium>is^Ifete, saturated sodium bicarbonate and brine. It was then 
concerted to a yellowish foam (40.4 mg, 79%) and taken to the next step 
[ OUl fuil l ie r purif icatioTrr 
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The product of the previous step (40.4 mg, 0.042 mmol) was treatej 
1:1 mixture of dichloromethane: trifluoroacetic acid (4 ml_) fortw>riours. The 
U 7 reaction mixture was then concentrated and purif.ec lon^TX25 cm reverse 
6* / phase HPLC column, containing a C-18 resin corrtfrised of 10 micron size gel 

' ... ... _ mr\ +~^kvo nnro CI7Q olfltil 



25 particles with a 300 angstrom pore size^ulkTg with a 30 minute gradient using 
10-30% acetonitrile in water. TTje^sired fractions were pulled and concentrated 
to a white powder (8.5 mg^4%). Analytical HPLC using a 4.6 X 250 mm reverse 
phase column, conjairiing a C-18 resin comprised of 5 micron size gel particles 
with a 300 arjg^om pore size, ran at 5-50% acetonitrile (containing 0.1% 
30 trifluoroa^etiTacid) showed one peak at 1 5 minutes. Low resolution mass 
io r rtii 1 1 led II m Uu bii ed mass (M l T 83 8 . - 
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Tabte^-€ o n niound s-synthe slZfed acc ording to hxample III" 



Q 



COMPOUND NAME 


SYNTHESIS 


Ac-EEWPnV-(CO)-G-Oallyl 


example III 


Ac-EEWP-nL-(CO)-G-Oallyl 


step I(b1 ): used Fmp^hJ^eu-OH 


Ac-EEWP-V-(CO)-G-Oallyl 


step I(b1): used Fmo/-Val-OH 


Ac-EEWPL-(CO)-G-Oallyl 


step I(b1): used Fnrfoc-Leu-OH 


Ac-EEWP-G(propynyl)-(CO)-G- 
Oallyl 


step I(b1): used Frabc-Gly(propynyl)- 
/OH 


Ac-EEWPnV-(CO)-G-OEt 


step Ic: used/ethyl isocyanoacetate 


Ac-EEWP-G(allyl)-(CO)-G-Oallyl 


step I(b1 ): ^sed Fmoc-C5iy(aiiyi)-un 


Ac-EEWG-L-(CO)-G-Oallyl 


step I(tf1): used Fmoc-Leu-OH, 
example/ll, step Ilia: used Gly-2CITrt- 
/ resin 


Ac-EEWPnV-(CO)-G-OtBu 


steizf Ic: used t-butyl isocyanoacetate 


Ac-EEWP-G(allyl)-(CO)-G-OEt 


sfep Ic: used ethyl isocyanoacetate, 
/step I(b1): used Fmoc-Gly(allyl)-OH 


Ac-EEWP-C(Me)-(CO)-G-OMey 


' step Ic: used methyl isocyanoacetate, 
step I(b1 ): used Boc-Cys(Me)-OH 



Example IV: Solid Phase s/nthesis of Ac-EEW-G(N-Bu(4NH2,4-C02H))-nV- 
5 (CO)-G-OH 



Ac-Glu-Glu-Val-Val' 



r co 2 h 

H n 



H o 

Step I. Syndesis of bromoacetyl-nVal(dpsc)-Gly-PAM resin 
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^^s-O-PAM resin 

H o 

NHCONHCH(Ph) 2 

In a solid phase vessel, bromoacetic acid (1.29 g, 9.27 mmol) was coupled 
to the resin obtained in example I (step If) (1 .5 g, 0.77 mmol) in the presence of 
diisopropylcarbodiimide (1.27 g, 10.04 mmol) and dimethylformamide (10 ml_) for 
five hours. The reagents were filtered and the reaction was repeated once more 
for 18 hours, at which time qualitative ninhydrin test showed colorless beads and 
solution indicating that the reaction had gone to completion. All reagents were 

r\rr\\ inhlw \/uith 1 ^ ml nnrtinns nf 
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dimethylformamide, methanol and dichloromethane. 

Step II. Synthesis of Gly(N-Bu(4NH-Boc,4-COOtBu)-nVal(dpsc)-Gly-PAM resin 



^ ^ ^ D-PAM resin 

Boc-HN"^^^ '^^^ " ^ ' 

H 

N 

NHCONHCH(Ph) 2 

The product of the previous step (0.12 g, 0.06 mmol) was treated with Boc- 
Orn-OtBu.AcOH (0.86 g, 2.47 mmol) in the presence of diisopropylethylamine 
(0.05 ml_, 0.31 mmol) and dimethylsulfoxide (1.2 mL) for 18 hours. The reagents 
were drained and the procedure was repeated for 5 hours using fresh reagents. 
All reagents were drained and the resin was washed thoroughly with 2 mL 
portions of dimethylformamide, methanol and dichloromethane. 
-Step- II I. Synthesis ot Ac-G l u-Glu-Val-Va l-Gly(N-Bu(4NH2,4-CUOH)-nVal(ee^— 
Gly-OI I 



The following steps were carried out sequentially: 

a) Fmoc-Val-OH (0.04 g, 0.10 mmol) was double coupled to the product of step II 
above (0.12 g, 0.05 mmol) according to Procedure B. 

b) The resin was deprotected according to Procedure C and coupled to Fmoc-Val- 
OH (0.04 g, 0.10 mmol) according to Procedure B. 



c) The resin was deprotected according to Procedure C and coupled ra Fmoc- 
Glu(OtBu)-OH (0.04 g, 0.10 mmol) according to Procedure B. / 

d) The resin was deprotected according to Procedure C and coupled to Fmoc- 
Glu(OtBu)-OH (0.04 g, 0.10 mmol) according to Procedure B. / 

e) The resin was deprotected according to Procedure C and acylated at the N- 
terminus according to Procedure E. / 

f) The semicarbazone group of the product obtained in stepi was hydrolyzed 
according to Procedure F, and the product was subjected to HF cleavage 
according to Procedure G. The crude material was subjected to HPLC purification 
using a 1 X 25 cm reverse phase column, containing a/C-18 resin comprised of 10 
micron size gel particles with a 300 angstrom pore si/e, eluting with a 30 minute 
gradient using 10-40% acetonitrile in water. Analytical HPLC using a 4.6 X 250 
mm reverse phase column, containing a C-18 resiri comprised of 5 micron size gel 
particles with a 300 angstrom pore size, eluting y^ith 5-75% acetonitrile (containing 
0.1% trifluoroacetic acid) showed one peak ati minutes. Low resolution mass 
spectrum confirmed the presence of the desired product (MH + 873.5). 

Table of Compounds synthesized according to Example IV 



COMPOUND NAME / 


SYNTHESIS 


Ac-EEW-G(N-Bu(4NH2,4-C02H)VnV- 
(CO)-G-OH / 


example IV 


Ac-EEW-G(N-Et(CO2H))-nV-(C0)-G-OH 


step II: used -Ala(OtBu)-HCI 


Ac-EEW-G(N-EtPh(3,4diOMe))-nV-(CO)- 
G-OH / 


step II: used 3,4- 
dimethoxyphenethylamine 


Ac-EEW-G(N-Pe(5-NH2,5 / -C02H))-nV- 
(CO)-G-Ohf 


step II: used CBz- 
Lys(OBzl)»benzene sulfonate 



Example V: Solid Pha/e Synthesis of Ac-EEW-G(N-Et(NHBz))-nV-(CO)-G-OH 
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Ac-Glu-Glu-Val-Val^ 

Step I. Synthesis of Gly(N-Et(NH-Boc))-nVal(dpsc)-Gly-PAM resin 

HN 



7, ^ 



10 




f ■■ 0 

NHCONHCH(Ph) 2 

The resin obtained in example IV (step I) (0.24 g, 0.12 mmol) was treated 
with t-butyl N-(2-aminoethyl)-carbamate (0.78 mL, 4.94 mmol) in the presence of 
diisopropylethylamine (0.1 1 mL, 0.62 mmol) and dimethylsulfoxide (2.4 mL) for 18 
hours. The reagents were drained and the procedure was repeated for 5 hours 
using fresh reagents. All reagents were drained and the resin was washed 
thoroughly with 2 mL portions of dimethylformamide, methanol and 
dichloromethane. 

^tep-TT . Synthesis ot hmoc-va l -G l y(N-n(N I l -Doc)) nVa l (dp S c) - Gl y-FAM*es4n 



Fmoc-H 




O-PAM resin 
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NHCONHCH(Ph) 2 

Fmoc-Val-OH (0.07 g, 0.21 mmol) was double coupled to the product of 
step I above (0.24 g, 0.10 mmol) according to Procedure B. 
■StepSttr^thesis^-F moc Va l- G l y t N Et(NHBz)>nVa l (d psc^y-PAM 
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Fmoc-H 




NHCONHCH(Ph) 2 



The product obtained from step II above (0.12 g, 0.06 mmol) was treated 
with a 1:1 mixture of trifluoroacetic acid: dichloromethane according to Procedure 
D. The free amine generated was then capped with the addition of benzoyl 
chloride (0.02 mL, 0.19 mmol) in the presence of diisopropylethylamine (0.06 mL, 
0.37 mmol) in N-methylpyrrolidine (1 .24 mL). 

nthes.s of Ac-G l u-Qlu-Val-Val-G l y(N-bt(NHBz))-nVal(UU)-Giy-Q H 

The following steps were carried out sequentially: 

a) The resin obtained in step III above was deprotected according to Procedure C 
and coupled to Fmoc-Val-OH (0.04 g, 0.10 mmol) according to Procedure B. 

b) The resin obtained in the previous step was deprotected according to 
Procedure C and coupled to Fmoc-Glu(OtBu)-OH (0.04 g, 0.10 mmol) according 
to Procedure B. 

c) The resin obtained in the previous step was deprotected according to 
Procedure C and coupled to Fmoc-Glu(OtBu)-OH (0.04 g, 0.10 mmol) according 
to Procedure B. 

d) The resin obtained in the previous step (0.12 g) was deprotected according to 
Procedure C and acylated at the N-terminus according to Procedure E. 

e) The semicarbazone group of the product obtained in step d was hydrolyzed 
according to procedure F, and the product was subjected to HF cleavage 
according to procedure G. Analytical HPLC using a 4.6 X 250 mm reverse phase 
column, containing a C-18 resin comprised of 5 micron size gel particles with a 
300 angstrom pore size, ran at 5-50% acetonitrile (containing 0.1% trifluoroacetic 
acid) showed one peak at 14 minutes. Low resolution mass spectrum confirmed 
the presence of the desired product (MH + 905.5). 
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Table of Compounds synthesized according to Example V 



J3 



10 



COMPUUNU INMIVIt 


SYNTHESIS 


Ac-EEW-G(N-Et(NHBz))-nV-(CO)-G-OH 


example V 


Ac-EEW-G(N-Et(NHBzl(3-OPh)))-nV- 
(CO)-G-OH 


step III: usied 3-phenoxybenzoic 
acid/as capping group 


Ac-EEW-G(N-Prop(NHBz))-nV-(CO)-G- 
OH 


step/I: used t-butyl N-(2- 
aminopropyl)-carbamate 



Example VI: Solid Phase Synthesis of Ac-EEVVP-nV(CO)-Am 



Ac-Glu-Glu-Val-Val-Pro-Hf 



NH 2 



Step I. Formation of HOBt ammonium salt 

Ammonium hydroxide (0.5 ml_) wasidded dropwise to a slurry of HOBt (2 
g, 13.07 mmol) in water (5 ml_). The mixture was stirred at room temperature until 
a clear solution was obtained. The prod/ct was precipitated by the slow addition 
of acetone (50 ml_). It was then filterec/on a glass funnel and washed thoroughly 
with cold acetone (white powder, 2.23^, 78%; mp 177-1 81 °C). 
Step II. Synthesis of HCI-H-nVal-(OHOH)-CONH2 



<OH 2 




is Boc-nVal-(CHOH)-CQOH (295 mg, 1 .19 mmol) (example V, step II) was 

reacted with the product of the previous step (362 mg, 2.38 mmol) in the presence 
of EDC (342 mg, 1.78 mm</l) in dimethylformamide (10 mL) at room temperature 
for 18 hours. The reactio/ mixture was concentrated and the remaining residue 
was picked up in ethylacetate (5 mL) and washed three times each with 5 mL 

20 portions of 1 N sodium t/sulfate, saturated sodium bicarbonate and brine. The 

organic layer was drie/ over sodium sulfate and concentrated to a white solid (1 70 




mg, 58%). After drying in vacuo, the product was treated with 5N anhydrous HCI 
in ethylacetate (5 ml_) for 1 hour and concentrated (120 mg, 94%). 
Step III. Synthesis of Ac-Glu(OtBu)-Glu(OtBu)-Val-Val-Pro-nVal-(CHOH)-CONH2 
The product obtained from step II above (19 mg, 0.103 mmol) was coupled 
to Ac-Glu(OtBu)-Glu(OtBu)-Val-Val-Pro-OH (example II, step lllf) (50 mg, 0.069 
mmol) in the presence of HOAt (14.1 mg, 0.103 mmol), HATu (28.8 mg, 0.076 
mmol), diisopropylethylamine (60 jil, 0.345 mmol) in dimethylformamide (10 mL) 
for 4 hours at room temperature. The DMF was removed under reduced pressure 
and the remaining residue was picked up in ethylacetate and washed with 1N 
sodium bisulfate, saturated sodium bicarbonate and brine. After drying over 
sodium sulfate it was concentrated to give a white solid (40 mg, 68%) which was 
taken to the next step without further purification. Low resolution mass spectrum 
confirmed the desired mass (M + Na + 876.5). 

^StetHVr-Synthesi^ ■ 

Under a stream of nitrogen gas, the product of the previous step (40jpng; 
047 mmol) was dissolved in dimethylsulfoxide (4 mL) and toluepe-(4mL). Water 
soluble carbodiimide (EDC, 89.8 mg, 0.47 mmol) was therr^iclded in one batch. 
The reaction mixture was cooled to 0°C and di^bkJfoacetic acid (20 I, 0.23 
mmol) was added dropwise. Stirring aJ^U continued for 15 minutes. The ice 
bath was removed and the reartietffwas slowly brought to room temperature. The 
reaction was stopped aftep-90 minutes. The toluene was removed under reduced 
pressure. The reactk5n was diluted with ethylacetate and washed with 1N sodium 
bisulfate, satupsrted sodium bicarbonate and brine. It was then concentrated to a 
yellowisMoam (40 mg, 53%) and taken to the next step without further 
purifk5ation. Low resolution mass spectrum confirmed the desired mass (M + Na + 
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Step V. Synthesis of Ac-Glu-Glu-Val-Val-Pro-nVal-(CO)-CONI 

The product of the previous step (39.9 mg, 0.047 mmol/was treated with a 
1:1 mixture of dichloromethane: trifluoroacetic acid (1 0 ml_) fpr two hours. The 
reaction mixture was concentrated and the remaining residue was subjected to 
HPLC purification using a 1 X 25 cm reverse phase column, containing a C-18 
resin comprised of 10 micron size gel particles with a 300 angstrom pore size, 
eluting with a 30 minute gradient using 5-25% acetonit/ile in water. The purified 
fractions were pulled and lyophilized to a white powder (3.6 mg, 10%). Low 
resolution mass spectrum confirmed the desired mass (MH + 740. 0). 

Table of Compounds synthesized according to Example VI 



COMPOUND NAME 


SYN/THESIS 


Ac-EEWP-nV-(CO)-Am 


example VI 



Example VII: Solid Phase Synthesis of Ac7EEW-P(4t-MeNHBzl(3-OPh))-nV- 
(CO)-G-OH 

JO 



/ 



Ac-Glu-Glu-Val-Val- 



Step I. Synthesis of H-Pro(4t-M^NHFmoc)-nVal-(dpsc)-Gly-PAM resin 

Fmoc 



H 



NHCONHCH(Ph) 2 
O 



Hr 




-PAM resin 



The resin obtained/from example I (step I) (0.70 g, 0.36 mmol) was coupled 
with Boc-Pro(4t-MeNHFr?noc)-OH according to procedure B for 18 hours, with 
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99.98% efficiency. The resin was then subjected to deprotection according to 

procedure D to obtain the title product. _ 

^ c rGluTpiBuT : <3iuTOt^ 

^desc)=ety=PAirrSslTT - 

The resin obtained from the previous step (0.7 g, 0.29 mmol) was double 
coupled to Ac-G.u(OtBu)-Glu(OtBu)-Va.-Va.-OH (0.45 g, 0.72 mmol) (obta.ned 
similar to example II (step III) starting from H-Val-2CITrt-resin) according to 
procedure B. 

4dpsc}=QrrPAivrresm* 



if*. 
3 sj- 



Ac-Glu(OtBu)-Glu(OtBu)-Val-Val 



'2 MurnMHC-HfPhU 



■PAM resin 



The Fmoc side chain protecting group of the product obtained from the 
previous step was removed according to proce dure C to afford the title compound 
'-««r W . SvuU ^ si, of A c O tetetBa^mtpt Bu)-Val-Val -,>ro(4l-Me NI m z lOO PI .) ) 

hi VqI (dpoc) - G l y PA M-resrn 




25 



The resin obtained from the previous step (0.15 g, 0.05 mmol) was coupled 
to 3-phenoxy benzoic acid (0.02 g, 0.10 mmol) according to procedure B w.th 
99.97% efficiency. 

v ^ mflre5i ^^ nVol (CO) G ly- 

^" T he resin obtained from the previous step was subjected to semicarbazone 
hydrolysis according to procedure F. followed by HF cleavage according to 
procedure H to yield the crude product. The material was subjected to HPLC 
purification using a 1 X 25 cm reverse phase column, containing a C-18 res.n 
comprised of 10 micron size gel particles with a 300 angstrom pore size, elut.ng 
with a 30 minute gradient ranging from 10-35% acetonitrile in water. Analyt.cal 
HPLC using a 4.6 X 250 mm reverse phase column, containing a C-18 res.n 
comprised of 5 micron size gel particles with a 300 angstrom pore size, eluting , 
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with 5-75% acetonitrile (containing 0.1% trifluoroacetic acid) showed one peak at 
14.5 minutes. Low resolution mass spectrum confirmed the^resence of the 
desired product (MH + 1049.5). 

Table of Compounds synthesized according/o Example VII 



'ft 
O 



COMPOUND NAME 



Ac-EEW-P(4t-MeNHBzl(3-OPh))- 
nV-(CO)-G-OH 

Ac^ EW-P(4t-MeNHC0 2Ph)-nV-| step"TV: usedyphenyl chloroformate, 
(CO)-G-OH 



)IEA, NMP 



Ac-EEW-P(4t-MeNHCOHh)-7^ Istep IV: used benzoyl cn.onae, u.c«. 

(CO)-G-OH I / NMP 

omitted steps III and IV 



Ac-EEW-P(4t-MeNH-Fmoc)-nV- 
(CO)-G-OH 



Ac-EEW-P(4t-MeNHSU2Ph)- -nV- step IV: used oenzenesulfonyl 
(CO)-G-OH I chloride, 2,4,6-collidine, NMP 



Ac-EEW-P(4t-MeUreaPh)-nV- step IV: used phenyl isoc 
(CO)-G-OH ' / DIEA, NMP 



yanate, 



A^EE W-P(4t-NH-Fmoc)-n V- Aep I: used Boc-Pro(4t-NH-Fmoc)- 
(CO)-G-OH OH 



Fvam ple VIII - Phase Synthesis 



»f Ar-l=EW-P{^-M"BZ'^nV-fCO)-G-OH 




Ac-Glu-Glu/Val-Val 



OH 



Step I. Synthesis of Boc^ro(4t-NH2)-nVal-(dpsc)-G.y-PAM resin 
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HzN ^HCONHCH(Ph) 2 

Bo£r^T Vn "^O-PAM resin 
O O 

The resin obtained from example I (step I) (1 .3 g, 0.67 mmol) was coupled 
with Boc-Pro(4t-NHFmoc)-OH (0.61 g, 1.34 mmol) according to procedure B for 
18 hours, at which time qualitative ninhydrin test confirmed completion of the 
reaction. The resin was then subjected to deprotection according to Procedure C 
to obtain the title product. 

Step II. Synthesis of Boc-Pro(4t-NHBzl)-nVal-(dpsc)-Gly-PAM resin 

|sJHCONHCH(Ph) 2 
BocO-TT VT ^O-PAM resin 

o k o 

The resin obtained from the previous step (0.13 g, 0.05 mmol) was 
transferred to a fritted polypropylene tube and was suspended in N- 
methylpyrrolidine (1 .5 mL). It was then capped with benzoyl chloride (0.02 mL, 
0.1 6 mmol) in the presence of diisopropylethylamine (0.05 mL, 0.32 mmol) for four 
hours to yield the title product. 

StefmiSynthBiJi^ ' 

The compound of the previous step (100 mg, 0.05 mmol) was deprotected 
according to Procedure D. A ninhydrin assay on a small aliquot gave dark blue 
resin and solution showing a high yield for the deprotection. The resin was 
resuspended in N-methylpyrrolidine (1.47 mL) and coupled to Fmoc-Val-OH (0.03 
g, 0.10 mmol) according to Procedure B. A small aliquot was taken for qualitative 
20 ninhydrin analysis which showed colorless beads and a dark red solution 

indicating a high yield of coupling. 
^Step-tyrS y ulhe s i s 0 f r moc Val V3 l -Pro(4t-NHP 7l )-nVal-(dpsc)-Qly ^BAM-^sm 

^f) The compound of the previous step (1 00 mg) was deprotected according to 

/ Procedure D. A ninhydrin assay on a small aliquot gave dark blue resin and 



XSS3. 



o 



10 




solution showing a high yield for the deprotection. The resin tfas resuspended in 
N-methylpyrrolidine (1.47 mL) and was coupled to Fmoc-Val/OH (0.03, 0.10 

mmol) as in step III. / 

Step V. Synthesis of Fmoc-Glu(OtBu)-Val-Val-Pro(4t-NHBzl)-nVal-(dpsc)-Gly- 

PAM resin / 

The compound of the previous step (100 mg, 0.03 mmol) was deprotected 
according to Procedure D. A ninhydrin assay on a small aliquot gave dark blue 
resin and solution showing a high yield for the deprotection. The resin was 
resuspended in N-methylpyrrolidine (1 .47 mL) andywas coupled to Fmoc- 
Glu(OtBu)-OH (0.04 g, 0.10 mmol), according to Procedure B for 5 hours. A small 
aliquot was taken for qualitative ninhydrin analysis which showed colorless beads 
and solution indicating a high yield of coupling/ 

Step VI. Synthesis of Fmoc-Glu(OtBu)-Glu(QlBu)-Val-Val-Pro(4t-NHBzl)-nVal- 

(dpsc)-Gly-PAM resin / 

The compound of the previous step/lOO mg) was deprotected according to 
Procedure D and coupled to Fmoc-Glu(OtBu)-OH (0.04 g, 0.10 mmol) in the same 
manner. / 

Step VII. Synthesis of Ac-Glu-Glu-Val-Val-Pro(4t-NHBzl)-nVal-(CO)-Gly-OH 

The compound of previous step (100 mg) was deprotected according to 
Procedure C and acylated according/to Procedure E. The resin was vacuum dried 
and a small aliquot was taken for qualitative ninhydrin analysis which showed 
colorless beads and solution indicating a high yield of coupling. The resin was 
then subjected to semicarbazone/hydrolysis followed by HF cleavage reactions 
according to Procedures F and m, respectively. The crude product was subjected 
to HPLC purification using a 1 X 25 cm reverse phase column, containing a C-18 
resin comprised of 10 micron i\ze gel particles with a 300 angstrom pore size, 
eluting with a 30 minute grad/ent using 10-40% acetonitrile in water. Analytical 
HPLC using a 4.6 X 250 mnr/ reverse phase column, containing a C-18 resin 
comprised of 5 micron size/gel particles with a 300 angstrom pore size, ran at 5- 
50% acetonitrile (containing 0.1% trifluoroacetic acid) showed one peak at 13 
minutes. Low resolution mass spectrum confirmed the presence of the desired 
product (MH + 917.5). / 
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Table of Compounds synthesized according to Example VIII/ 



COMPOUND NAME 


CVKITUCCIC / 

bYN 1 ntolo / 


Ac-EEW-P(4t-NHBzl)-nV-(CO)-G-OH 


example VIII / 


Ac-EEW-P(4t-NHBzl(4-OMe))-nV- 
l (CO)-G-OH 


step II: used 4-methox^benzoyl 
chloride, DIEA.NMP 


Ac-EEW-P(4t-NHBzl(4-OPh))-nV- 
(CO)-G-OH 


step II: used 4-phenoxfybenzoic acid 


Ac-EEW-P(4t-NHBzl(3-OPh))-nV- 
(CO)-G-OH 


step II: used 3-phen(oxybenzoic acid 


Ac-EEW-P(4t-NHBzl(3,4-OMeO))-nv- 
(CO)-G-OH 


Step li: USeu piutJiunyiuyi wuuhuo, 
DIEA, NMP 


Ac-EEW-P(4t-NHBzl(4F))-nV-(CO)-G- 
OH 


step II: used 4Tfluorobenzoyl chloride, 
DIEA, NMP 


Ac-EEW-P(4t-NHiBoc)-nV-(CO)-G-OH 


step II: used isobutyl chloroformate, 
/ DIEA, NMP 


Ac-EEW-P(4t-NHS02Ph)-nV-(CO)-G- 
OH 


step \f. used benzene sulfonyl 
chloride, 2,4,6-collidine, NMP 


Ac-EEW-P(4t-NHS02Ph(4-OMe))-nV- 
(CO)-G-OH 


step/ll: used 4-methoxybenzene 
sulfonyl chloride, 2,4,6-collidine, NMP 


Ac-EEW-P(4t-UreaPh)-nV-(CO)-G-OH 


step M: used phenyl isocyanate, DIEA, 
/ NMP 


Ac-EEW-P(4t-UreaPh(4-OMe))-nV- 
(CO)-G-OH 


/ step II: used 4-methoxyphenyl 
/ isocyanate, DIEA, NMP 



Example IX: Solution Phase Synthesis of Ac-EEWP-nV-(CO)-OH 



Ac-Glu-Glu-y^-Val-Pro-HN' "|f 'OH 

O 




Step I. Synthesis of ethyl (R,S)y2-|iydroxy-3-amino hexanoate hydrochloride 



132 




HOH 2 NT OEt 
OH 



The product obtained in example l(step lb) (1 .99 g, 6.59 mmol) was 
refluxed in 6N HCI (42 mL) for four hours. After cooling to room temperature, the 
reaction mixture was extracted with dichloromethane (3 X 30 mL) and the 
aqueous layer was concentrated to dryness (1 .65 g crude). Some of the resulting 
product (0.88 g, 4.8 mmol) was stirred in 20 mL saturated solution of anhydrous 
HCI in ethanol for 90 minutes. The mixture was concentrated to a white solid 
(0.95 g, 93%). 

i f The product obtained from the previous step (88 mg, 0.41 mmol) was 
|y coupled to Ac-Glu(OtBu)-Glu(OtBu)-Val-Val-Pro-OH (example II, step lllf) (200 
W mg 0 26 mmol) in the presence of HOAt (56.3 mg, 0.41 mmol), HATu (1 15.3 mg, 
m 0 30 mmol). diisopropylethylamine (240 I, 1.37 mmol) in dimethy.formamide (10 
O mL) for 1 8 hours at room temperature. The DMF was removed under reduced 
pressure and the remaining residue was subjected to HPLC purification us.ng a 
2 2 X 25 cm reverse phase column, containing a C-18 resin comprised of 10 
micron size gel particles with a 300 angstrom pore size, eluting with a 30 minute 
gradient ranging from 15-50% acetonitrile in water. The desired fractions were 
pulled and concentrated to a solid (67 mg, 27.5%). Analytical HPLC using a 4.6 X 
250 mm reverse phase column, containing a C-18 resin comprised of 5 m.cron 
size gel particles with a 300 angstrom pore size, eluting with 5-50% aceton.tnle 
(containing 0.1% trifluoroacetic acid) showed one peak at 23.5 minutes. Low 
resolution mass spectrum confirmed the desired mass (MH + 8 83 5) 
^HtK-Sytithes is uf Ac-Glu(OtDu) Clu(Ot B u) Va WPm=nVal^riuH)- - 

rarhnxylio acid- 

To the product obtained in the previous step (67 mg, 0.076 mmol) 
dissolved in ethanol (3.8 mL) was added 1 N lithium hydroxide (304 I, 0 .304 
mmol) and the reaction was stirred at room temperature for 90 minutes. The 
reaction was stopped by the addition of enough Dowex ion exchange resin (50 
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nJ is 



in 

tssr 

Q 



20 



X8-400) to obtain an acidic solution, pH -3. After stirring for/15 minutes, the 
reaction mixture was filtered and concentrated to a white sd\\d (53.4 mg, 82.2%). 
Step IV. Synthesis of Ac-Glu-Glu-Val-Val-Pro-nVal(CHOh<)-carboxylic acid 

The product obtained in the previous step (53.1 mg) stirred in a 1 :1 mixture 
of trifluoroacetic acid: dichloromethane (1 0 mL) for 90 n/inutes. The reaction 
mixture was concentrated to a yellowish solid (50 mg)ywhich was taken to the next 
step without further purification. 

Step V. Synthesis of Ac-Glu-Glu-Val-Val-Pro-nVal)fco)-carboxylic acid 

The product obtained in the previous step (65.7 mg, 0.075 mmol) was 
dissolved in dichloromethane (8 mL) and dimeth/lsulfoxide (2 mL). Triethylamine 
(125.5 1,0.901 mmo!) followed by pyridine sulfur trioxide (143.4 mg, 0.901 mmol) 
were added and the reaction was stirred at roL temperature for two hours. 
Dichloromethane was removed under reduced pressure and the remaining 
residue was diluted with methanol (containing 0.1 % TFA) and purified on a 
reverse phase HPLC column (1 X 25 cm)ycontaining a C-18 resin comprised of 10 
micron size gel particles with a 300 angs/rom pore size, eluting with a 30 minute 
gradient using 5-15% acetonitrile in water. The desired fractions were pulled and 
concentrated to an oil (15.2 mg, 27. W). Analytical HPLC using a 4.6 X 250 mm 
reverse phase column, containing a L\ 8 resin comprised of 5 micron size gel 
particles with a 300 angstrom pore f\ze, ran at 5-50% acetonitrile (containing 
0.1% trifluoroacetic acid) showed c/ne peak at 11 minutes. Low resolution mass 
spectrum confirmed the desired nfass (MH + 741.0). 

Table of Compound Synthesized according to Example IX 



|Ac-EEWP-n\f(CO)-OH 



lexample IX 
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Assa y for H^V Protease in^ihitorv Activity: 

QpoMm phrtnmBtric Assa/ : Spectrophotometry assay for the HCV serine 
protease was performed fm the inventive compounds by following the procedure 
described by R. Zhang/ef a/, Analytical Biochemistry, 270 (1999) 268-275, the 
disclosure of which is ^corporated herein by reference. The assay based on the 
proteolysis of chron/ogenic ester substrates is suitable for the continuous 
monitoring of HCV ^3 protease activity. The substrates were derived from the P 
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/ap nTFDWX(Nva), where X - A or 
*ide of the NS5A-NS5B junction sequence (Ac-DTtuvynrNv 

screening and detailed kinetic evaluation o, HCV ^3 protease inh.brtors. 

- S£ ^Snt ica , regents fo r assav r/ated ^ers were 0= m 

ig ma Chennical Company (St Louis, Miss*!,. Reagents for pept*. , syn* 
Ze from Aldnch Chemicals, Novabtochern (San Diego, Calrforma). Ap p e d 
were from , nrt pWptive Biosystems (Frammgham, 

ISLE^ ~ » manuaily or on an automated ABI 
nieL (from Applied Systems, UVM. ^ 
LAMBDA 12 was from Perkin Elmer (Norwalk, Connects) and 96-well UV plates 
Zll ned from Coming (Corning, »ew York). The prewarming 
US A Science (Ocaia, Florida, and f 96-wel, plate vortexer was f^m Lablne 
instruments (Melrose Park, ,.linois V A Spectramax Plus m,crot„er p^ reader 
witt, monochrome., was obtained from Molecuiar Devices (Sunnyvale, 



/ 

'e^L— Recombinant heterodimenc HCV N S 3,NS4A protease 

:lin::^ 

jl-, by am,/ - - - 

storage buffer (50 mM sodium phosphate pH 8.0, 300 »™ 

05% lauryl maltoside and 10 mM DTT) was exchanged for the assay buffer (25 
mM MOPS PH 6.5, 300 «M Nad, 10% glycerol, 0.05% laury, ma,tos,de, 5 uM 
EDTA and 5 pM DTT) utfiizing a Biorad Bio-Spin P-6 prepacked column. 

e M , h ' p urific ation- The synthesis of the substrates was done as 
OM^trf.ta Svnthmi °M Purification, y Nua .oH to 

^^d was initiated by anohonng Fmoc-Nva OH . 

chlorottit* chloride resin using a standard protocol (K. Bancs ef a,, ,nt J. F£ 
pIT/JL, 37 (19*1), 513-520). The peptides were subsequently assembled, 
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using Fmoc chemistry, either manually or on an automatic ABI model 431 peptide 
synthesizer. The N-acetylated and fully protected petffde fragments were cleaved 
from the resin either by 10% acetic acid (HOAc) and/jp* trifluoroethanol (TFE) in 
dichloromethane (DCM) for 30 min, or by 2% triflu/roacetic acid (TFA) in DCM for 
10 min. The combined filtrate and DCM wash was-evaporated azeotropically (or 
repeatedly extracted by aqueous Na 2 C0 3 sol/tion) to remove the acid used in 
leavage. The DCM phase was dried over Na/s0 4 and evaporated. 

The ester substrates were assembled using standard acid-alcohol coupling 
procedures (K. Holmber et al, Acta ChemJscand., B33 (1979) 410-412). Peptide 
fragments were dissolved in anhydrous pyridine (30-60 mg/ml) to which 10 molar 
equivalents of chromophore and a/ catalytic amount (0.1 eq.) of para- 
toluenesulfonic acid (pTSA) were added, bicyclohexylcarbodiimide (DCC, 3 eq.) 
was added to initiate the coupling re/ctions. Product formation was monitored by 
HPLC and found to be complete following 12-72 hour reaction at room 
temperature. Pyridine solvent was evaporated under vacuum and further removed 
by azeotropic evaporation with toljlene. The peptide ester was deprotected with 
95% TFA in DCM for two hours and extracted three times with anhydrous ethyl 
ether to remove excess chromophore. The deprotected substrate was purified by 
reversed phase HPLC on a/C3 or C8 column with a 30% to 60% acetonitrile 
gradient (using six colurpn flumes). The overall yield following HPLC purification 
was approximately 20-30%/The molecular mass was confirmed by electrospray 
ionization mass spectroscopy. The substrates were stored in dry powder form 
under desiccation. , / 

R pprim of Subp tr a t^ /nri Products: Spectra of substrates and the corresponding 
chromophore products' were obtained in the pH 6.5 assay buffer. Extinction 
coefficients were determined at the optimal off-peak wavelength in 1-cm cuvettes 
(340 nm for 3-Np a/d HMC, 370 nm for PAP and 400 nm for 4-Np) using multiple 
dilutions. The optimal off-peak wavelength was defined as that wavelength 
yielding the mak^ium fractional difference in absorbance between substrate and 
product (product pb - substrate OD)/substrate OD). 

Protease AssaV: HCV protease assays were performed at 30°C using a 200 pi 
reaction mix /n a 96-well microtiter plate. Assay buffer conditions (25 mM MOPS 
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pH 6.5, 300 mM NaCI, 10% glycerol, 0.05% Ifcuryl maltoside, 5 uM EDTA and 5 
DTT) were optimized for the NS3/NS4Atoeterodimer (D. L. Sali et al, ibid.)). 
Typically, 150 pi mixtures of buffer, substrate and inhibitor were placed in wells 
(final concentration of DMSO 4 % v/v) arid allowed to preincubate at 30 °C for 
approximately 3 minutes. Fifty uls of prewalrmed protease (12 nM. 30°C) in assay 
buffer, was then used to initiate the reaction (final volume 200 ul).The plates were 
monitored over the length of the assay 060 minutes) for change in absorbance at 
the appropriate wavelength (340 nm for/s-Np and HMC, 370 nm for PAP, and 400 
nm for 4-Np) using a Spectromax P\L microtiter plate reader equipped with a 
monochrometer (acceptable results can be obtained with plate readers that utilize 
cutoff filters). Proteolytic cleavage c/f the ester linkage between the Nva and the 
chromophore was monitored at the 7 appropriate wavelength against a no enzyme 
blank as a control for non-enzymatic hydrolysis. The evaluation of substrate 
kinetic parameters was performed over a 30-fold substrate concentration range 
(-6-200 uM). Initial velocities wire determined using linear regression and kinetic 
constants were obtained by fitting the data to the Michaelis-Menten equation using 
non-linear regression analysis/ (Mac Curve Fit 1.1, K. Raner). Turnover numbers 
(/feat) were calculated assuming the enzyme was fully active. 
Evaluation of \n^ »™« ™« /nactivators: The inhibition constants (K,) for the 
competitive inhibitors Ac-D/(D-Gla)-L-l-(Cha)-C-OH (27), Ac-DTEDWA(Nva)-OH 
and Ac-DTEDWP(Nva)/OH were determined experimentally at fixed 
concentrations of enzyme/and substrate by plotting Vo /Vi vs. inhibitor concentration 
([I] 0 ) according to the /rearranged Michaelis-Menten equation for competitive 
inhibition kinetics: Vo/vi j 1 + [I] o /(K, (1 + [S] 0 /Km)), where v 0 is the uninhibited 
initial velocity, v, is the/ initial velocity in the presence of inhibitor at any given 
inhibitor concentration/([l] 0 ) and [S] 0 is the substrate concentration used. The 
resulting data were /fitted using linear regression and the resulting slope, 
1/(Ki(1+[S]o/K m ), was /used to calculate the Kf value. 

The obtained K* values for the various compounds of the present invention 
are given in the Tables wherein the compounds have been arranged in the order 
of ranges of Kf vali/es. From these test results, it would be apparent to the skilled 
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artisan that the compounds of the invention have excellent utility as NS3-serine 

protease inhibitors. 

While the present invention has been described with in conjunction with the 
specific embodiments set forth above, many alternatives, modifications and other 
variations thereof will be apparent to those of ordinary skill in the art. All such 
alternatives, modifications and variations are intended to fall within the spirit and 
scope of the present invention. 
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STRUCTURE 



NAME 



-^tr N 



HP O i O | o 

HjC^-CH, 




Ac-EEWP-L- 
(CO)-G-Oallyl 



o o 




Ac-EEWP-nL- 
(CO)-G-Oallyl 



H,C 6 5 O : O O O 



H,C o : o i o o o 



Ac-EEWP-nV 
(CO)-G-Oallyl 



Ac-EEWG-jL- 
(CO)-G-Oe 



HjC O 



V 




Ac-EEWP-nV- 
(CO)yG-OEt 



^^^^^^ 

h^c o i o =; o o o 



O = O : ~ 



or - ii 

o : 6 b o 



c-EEWP-nV- 
(CO)-G- 
2PhEtAm 



Hp 



Ac-EEWP-nV- 
(CO)-Am 



HaX> 
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STRUCTURE 


NAME 


Ki* Range 


7.Y n r\ 

Hp O = 0 : 0 0 

kAo 


te-EEWP-nV- 
CO)-OH 


c 


7 o V o Y on r 1 y° 

/ H,C 0 : 0 i 0 0 0 

hAo 


<\c-EEWP-nV- 
[CO)-G-OH 


a 

l\ 


3 9 I 9 Y ?(1 li.A, 

™ * Hp O : O : O O O 

4? A 


Ac-EEWP-nV- 

(UU)-O-UlDU 


1 


HjC O : O : O O 


Ac-EEWP-nW 
(CO)-lrTAm / 


c 


^ o r o Y o n A 

o = o £ o o o 

kAo / 


Ac-EBOVP- 
G(ally1)-(C0)-G- 

oauyi 


b 


r o Y o n / r / 

H3C 0 : O : 0 0/O 

s / 

kAo / 


Ac-EEWP- 

G(allyl)-(CO)-G- 

OEt 


b 


h°y° | / 

up 0 i 02 0/0 0 
kAo / 


Ac-EEWP-nV- 
(CO)-G-allylAm 


b 
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STRUCTURE 



NAME 



HOL^O 



H,C O 5 O i 0 0 o 



|Ac-EEWP-nV- 
(CO)-G- 
Ipropynylamide 



Hp 0 i O : O O 

N H^CH, 



6 b o 




TAc-EEWP-nV-, 
(CO)-G-Am 




H,C O : o i 0 0 o 



HOyO 

: 0*= O O 



H£ O 



HO O 



7 Y 

1°6 



HCL^O 



£ C 



HjC O 




WP-nV- I c 
G- 

ylamide 



Ac-EEWP- 
G(propynyl)- 
(CO)-G-Oallyl 



Ac-EEV-G(Ph)- | b 
P-nV-(CO)-G- 
OH 



Ac-EEW-Sar- I b 
nV-(CO)-G-OH 
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STRUCTURE 



Ac-EEW-Aze- 
nV-(CO)-G-OH 



5 " i ° A 0 v 



o 

> 

up o 



h^c o 



A 



O O O 



X°6 



NAME 



Ac-EEW-P(4t- 
0-2AcOH)-nV- 
(CO)-G-OH 



Ac-EEV-G(C1ix 
P-nV-(CO), 




Hp O 



= ° \ 

x ^0 




lAc^EVFP-nV- 
(OO)-G-OH 



hp o 



.. .. or" 

o o o 



OH 



HO 0 



H °Y° 




|Ac-EEVIP-nV- 
(CO)-G-OH 



H,C o 



6 0/0 



c o = o qI O 



TAc^EEW-dlPip 
nV-(CO)-G-OH 




Hp O 



HcXo 



s° 



|Ac-EEW-Tiq- 
nV-(CO)-G-OH 
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6* 



STRUCTURE 



HO^O 



P o 




Ac-EEW-thioP 
nV-(CO)-G-OH 



HO^O 



Ix 




Hp o 



o o o 



OH 



HO 0 



1 



Ac-EEW-C(Me; 
nV-(CO)-G-OH 



Ac-EEV\A 
C(02,Me(-nV 
(CO)-G/OH 




h,c o 



HO O 



5- 




CH 




HjC O 



O O 



fclEW-C(2- 
AcOH)-nV-(CO) 
G-OH 



Hp O 



HO^O 




Ac-EEW- 

M(02)-nV-(CO)- 

G-OH 



^tr N 



H,C O 



Ac-EEWP- 

C(Me)-(CO)-G- 

OMe 
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STRUCTURE 



NAME 



Ky 0 

kAq 



jAc-EEW-P(4t- 
Bn(4-OMe))-nV- 
(CO)-G-OH 



o 



HOyO 

.1 



jAc-EEW-P(4t 
allyl)-nV-(CO)-G 
OH 
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STRUCTURE 




o o o 




. .. or 

o o o 



Ac-EEW-P(4t- 
NHS02Ph(4- 
OMe))-nV-(CO) 
OH 



Ac-EEW-P(4t- 
UreaPh)-nV- 
(CO)-G-OH 



Ac-EEW-P(4t- 
Ur?&Ph(4- 

e))-nV-(CO)- 
OH 



Hcy° 



H,d o | 



o P 



A 0 y 




r 



o o 



hcXo 



NAME 




Ac-EEWD-nV- 
(CO)-G-OH 



Ac-EEWE-nV- 
(CO)-G-OH 



Ac-EEWF-nV- 
(CO)-G-OH 
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6 



n 



STRUCTURE 


NAME 


Ki* Range 


H£ 0 : 0 = O 0 0 


Ac-EEW-P(4t- 
NH2)-nV-(CO)- 
G-OH 


b 


'/hp os o; oo o 


Ac-EEW-P(4t- 
AcOH)-nV-(CO)- 
G-OH / 


/ a 


!:: o 1 o i oo o 

O HcAo / 


Ac-EESVP-nV- 
(CO)-p-OH 

/ 


b 


S! "Y P / 

' 3 H£ O z O i 0 O / O 
^ °* H^CH, / 


Ac-EAWP-nV- 
(CO)-G-OH 


a 


' 7 Pn/r- 

Hp o = 0 = /O 0 O 

kAo / 


Ac-EEHVP-nV- 
(CO)-G-OH 


b 


HQ x.O / 

of of/ of~] f M ^ 

HjC O 1 /O : O O O 


Ac-EENVP-nV- 
(CO)-G-OH 


b 
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STRUCTURE 



NAME I Ki* Range 



Ac-EEW-P(4t- a 
Ph)-nV-(CO)-G-| 
OH 



H£ o 



O E 0 0 



HD O 




i o = o o o 



|Ac-EEW-P(3t- 
Me)-nV-(CO)-i 
OH 



H,C O 



HD 



1 J- Ar^X-vW "vV 



te-EEW-G(N- I a 
|Et(C02H))-nV- 
(CO)-G-OH 



''CH 



« 0 <^0H 



= o i oil" 



|Ac^EEW-G(N- I b 
EtPh(3,4diOMe)| 
)-nV-(CO)-G- 
OH 



H,C C 



|A^EEW-G(N- I a 
Bu(4NH2,4- 



o 

H,C 



o I o ]/ o p p |C02H))-nV- 

^-^V^fY^^YVY^™ |(CO)-G-OH 

: ° 1 7 ° Ay y 



OH 



NH; 



|Ac-EE-Orn-VP- I b 
nV-(CO)-G-OH 



Kp/oi o i oo o 

S H^CH, 
HtAo 
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STRUCTURE 



NAME 



|Ac-EdEWP-nV- 
(CO)-G-OH 




}Ac-EE-(s,s)alloT 
VP-nV-(CO)-G- 
OH 



i O i o o o 



TQO j 



TAc^EE-Drf-VP- 
nV-(CQ>G-OH 
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STRUCTURE 



NAME |KF Range 



HCX^O 



HjC 'AT o | o i o 



Ac-EEF(alpha- I c 
Me)VP-nV-(CO)-| 
G-OH 



J E 0= 0 
H,(^CHj | 



|Ac-EEVLP-nV-/l b 
(CO)-G-OH 



o -: 0 /" 
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